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THE ANIMAL PROTEIN FACTOR 


Studies during the past three years have 
revealed that additional vitamins of the “‘B 
group” are needed for optimum performance 
of a wide variety of animal and plant species. 
When pteroylglutamie acid (folic acid) be- 
came available, it appeared that growth of 
certain laboratory animals, namely, the rat, 
chick, and dog, was essentially equal when 
purified rations were used to that obtained 
when crude products such as liver and yeast 
were added. It seemed, therefore, that all of 
the “B vitamins” needed for growth had 
been accounted for. Variations in the experi- 
mental approach, however, demonstrated 
that additional factors primarily present in 
animal products, were needed by these and 
other organisms. 

The major experimental technics em- 
ployed have been: (a) use of crude products 
from plant sources in the basal rations; (b) 
use of casein as the major protein after puri- 
fication by extensive alcohol extractions; (c) 
depleting the young animals by maintaining 
the breeding stock on crude rations high in 
plant materials; (d) increasing the apparent 
requirement of the animal for unidentified 
factors by feeding thyroid-stimulating prod- 
ucts; and (e) use of a variety of micro- 
organisms which showed the need for 
unknown factors. In this report the occur- 
rence of these factors, the nature of the 
nutritional deficiencies produced in various 
animals, and interpretations of the results 
obtained will be briefly discussed. 

The unknown growth factors that have 
been studied most extensively are listed in 
Table I. The term ‘“‘animal protein factor” 
is used in the broad sense to include those 
factors which occur primarily in animal 
products. Thus, vegetable protein concen- 
trates, such as soybean oil meal, are ex- 
tremely low in these unknown growth factors 
while animal protein concentrates, such as 
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fish meal, liver, and milk, are excellent 
sources, hence the name ‘animal protein 
factor.” 

A red, crystalline compound containing 
cobalt has been isolated from liver. This 
compound has high activity in treating per- 
niciouSs anemia in man and has growth- 
promoting properties for chicks, rats, and for 
several microorganisms. This compound has 
been isolated by E. L. Rickes et al. (Science 
107, 396 (1948)) and by E. L. Smith (Natur 
161, 638 (1948)). Rickes et al. have termed 
the factor vitamin By. The identity of the 
various factors indicated with vitamin By 
will be discussed later. 

Several microorganisms have been used 
to assay for the unknown growth factors. At 
least three of these organisms, Lactobacillus 
lactis Dorner, Lactobacillus leichmannii, and 
Euglena gracilis, an alga, respond to crys- 
talline vitamin By. Leuconostoc citrovorum 
requires a factor present in liver extracts 
which is not replaceable by vitamin Bp. 
Further data will probably be forthcoming 
on the ability of vitamin By» to replace the 
crude concentrates in the nutrition of these 
organisms. 

It is of interest to consider the experi- 
mental data demonstrating the existence of 
unidentified factors. An excellent hemato- 
logic response was obtained in patients with 
pernicious anemia when as little as 6 micro- 
grams of vitamin By» were injected. Marked 
clinical improvement was also noted. These 
and other similar studies have shown that 
crystalline vitamin By elicits a response 
similar to that obtained with antipernicious 
anemia preparations from liver. Whether the 
liver extracts contain factors needed in 
addition to vitamin By remains to be de- 
termined. 

Similarly, dogs which were maintained "on 
niacin and folic acid deficient rations and 
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finally failed to respond to these supple- 
ments, responded in weight gains and hemo- 
globin formation when given small amounts 
of liver extracts. 

The need for an additional factor or fac- 
tors for rats fed soybean oil meal-corn diets 
has been shown. The response to liver 
extracts is even more pronounced when 
iodinated casein is included in the ration. 
Later studies revealed that vitamin By was 
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factors is difficult to evaluate at present, in 
that deficiencies of known nutrients in the 
basal rations, variability in the meat scrap 
and tankage products, and the probable 
existence of more than one factor have made 
it difficult to interpret the published studies. 

It should be pointed out that the factors 
listed may be attributable to one chemical 
entity or to its conjugates. It is of interest to 
recall the postulation of a large number of 


TABLE I 


Animal protein factors 





Factor | Other names 


Sources 








Chick growth 


Turkey growth 


Hatchability and viability 
| 


1 | 
APA factor, vita- 


min Bi 


Antipernicious anemia 


Growth and = antianemia 
factor for dog, monkey, 
fox, and mink 

Rat growth Nutrient ‘‘X,”’ zo- 
opherin 


Vitamin By 
Reproduction and lactation, 


growth of rabbit, cotton 
rat, and mouse 





Cow manure, hen feces 
Fish solubles, liver extracts 
Distiller’s solubles 

Fish meal, fish solubles 


Cow manure, meat scraps, fish meal, skim milk 


Crude and refined liver extracts 


Fresh liver, liver extracts, milk 


Crude casein, liver extract 

1:20 liver extract 

Fish solubles, liver extracts, beef 

Distiller’s solubles, rice polishings, liver extract 


Fresh liver and liver extracts, beef, 1:20 liver ex- 
tract 





active in this assay and that pork muscle 
undoubtedly varied in vitamin By,» potency 
depending on the nutritional history of the 
pigs before slaughter. _ 

Ample evidence is available to demon- 
strate that unknown factors are required by 
the chick. Vitamin By is capable of replacing 
the active fractions from cow manure, liver 
extract, and fish solubles with the test con- 
ditions used, either with a soybean oil meal- 
corn or casein basal ration. The potency of 
meat scraps and tankage in these unknown 





factors which are now known to be attribut- 
able primarily to folic acid and its deriva- 
tives. A few of the major factors and their 
folic acid equivalents are listed in Table II. 
A similar tabulation for factors whose ac- 
tivity is attributable to vitamin By may be 
made in the near future. Already several 
reports are available to establish this (W. H. 
Ott, E. L. Rickes, and T. R. Wood, J. Biol. 
Chem. 174, 1047 (1948); R. J. Lillie, C. A. 
Denton, and H. R. Bird, bid. 176, 1477 
(1948); C. A. Nichol, L. 8. Dietrich, W. W. 








ee 








1949| NUTRITION 


Cravens, and C. A. Elvehjem, Proc. Soc. 
Exp. Biol. Med. 70, 40 (1949); U. D. Regis- 
ter, U. J. Lewis, H.T. Thompson, and 
Elvehjem, Ibid. 70, 167 (1949)). 

Several of the test animals respond to the 
same or similar products, namely, liver ex- 
tracts, fish products, and crude milk prod- 
ucts, and also to vitamin By. It is not to be 
inferred that other products not listed do not 
contain these factors, but it does infer that 
these products are highly active and that 
other products are inactive or were not 
tested as a source of the unknown factors. 


TABLE II 


Factors replaceable by folic acid 





Factor Folic acid equivalent 





Folic acid.........| Pteroylglutamic acid (PGA) 
Norit eluate........ Pteroylglutamic acid (PGA) 
Lactobacillus casei 


(liver, yeast).... Pteroylglutamic acid (PGA) 


Fermentation..... Pteroyltriglutamiec acid 
Vitamin B,........ PGA and conjugates 
Vitamin M........ PGA and conjugates 
Vitamins Byo and 

Serer Pteroylheptaglutamic acid 


Factors R and § 
Streptococcus lac- 
Ta 


Pteroylheptaglutamic acid 


Rhizopterin 





It should also be emphasized that at least 
some of these unknown factors occur in plant 
products to an appreciable extent, as evi- 
denced by the factor in distiller’s solubles 
and rice polishings. This is especially true if 
the formal classification of bacteria and fungi 
as plants be accepted, for vitamin By has 
been isolated from Streptomyces griseus, and 
is produced in fermentation liquors by many 
other microorganisms. 

It is likely that either more than one factor 
or a single factor in a variety of combined 
forms is involved in at least some of the 
deficiency conditions studied. The solubility, 
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stability, and chemical characteristics of the 
fractions studied by A. F. Novak and 8. M. 
Hauge (J. Biol. Chem. 174, 647 (1948)), 
termed vitamin B,;, are different from those 
of concentrates of vitamin By. Further, the 
different potencies of plant and animal feeds 
in tests on reproduction and lactation in rats, 
on hatchability and viability in poultry, and 
in promoting growth of different micro- 
organisms suggest that more than one factor 
is involved. 

Studies on these new factors have afforded 
valuable information in addition to the 
objective of isolating and characterizing a 
new vitamin. These studies have emphasized 
the importance of the “B vitamin”’ nutrition 
of the parental stock on the performance of 
the offspring. They have also emphasized the 
value of studying the nutritional adequacy 
of diets comprised of mixtures of natural 
foods as well as that of the widely used 
purified diets, since the former may permit 
observation of deficiencies difficult to obtain 
with the latter type of ration. 

From the standpoint of over-all nutrition, 
the desirability of including in the diet a wide 
variety of foods, including liberal quantities 
of foods from animal sources, is evident. 
The use of many different organisms and 
test conditions has again been most helpful. 
Last, but not least, the studies on this prob- 
lem have permitted at least one of the factors 
involved in treating pernicious anemia to be 
isolated, a great step forward in medical 
science. 

All of these studies have contributed to 
forming the basis for further studies on the 
biochemical role of vitamin By and associ- 
ated factors in the metabolism of all living 
cells. 

B. S. SCHWEIGERT 
University of Chicago 
Chicago 
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HYDROCHLORIC ACID FORMATION IN THE STOMACH 


Various explanations for the mechanism 
of the secretion of hydrochloric acid by the 
parietal cells of the gastric mucosa have 
been offered. The subject is of interest to 
nutritionists on a practical and theoretical 
level since stomach anacidity leads to im- 
proper utilization of foods and deficiency of 
certain vitamins leads to inadequate secre- 
tion of acid. Most often quoted as a mech- 
anism is that involving the enzymatic role 
of carbonic anhydrase, an enzyme which 
was found in high concentration in gastric 
mucosa. According to this theory (H. W. 
Davenport and R. B. Fisher, Am. J. Physiol. 
131, 165 (1940)) carbonic anhydrase ac- 
celerates the formation of carbonic acid 
from metabolic carbon dioxide and water, 
and the hydrogen ion secreted by the parietal 
cell originates from the dissociation of the 
so-formed carbonic acid. The chloride ion 
secreted originates from the plasma and is 
replaced by the bicarbonate ion formed in 
the dissociation of the carbonic acid. 

There are however several facts recorded 
in the literature and some recently gathered 
by W. B. Patterson and DeW. Stetten 
(Science 109, 256 (1949)) which led these 
investigators to an attractive new theory 
for the formation of gastric hydrochloric 
acid. They postulate that the sources of 
the hydrogen ion are the metabolites under- 
going oxidation by pyridine nucleotides in 
the parietal cell. This reaction is well 
recognized in biological oxidation, but in 
the usual picture the hydrogen ion formed 
by the above reaction is neutralized by the 
hydroxyl ion produced in the reduction of 
oxygen by the cytochrome system. Hence 
another postulation was made, namely, that 
the electron carrier systems of biological 
oxidation are stratified in the parietal cell 
so that the hydrogen ion formed at the 


lumen end of the cell diffuses (with chloride 
ion) out of the cell. Electron transfer oc- 
curs through stratified areas containing 
flavoprotein, cytochrome, and cytochrome 
oxidase. The hydroxyl ion formed at this 
end of the parietal cell is presumed to react 
with metabolic carbon dioxide through the 
agency of carbonic anhydrase to form the 
bicarbonate known to diffuse into the blood 
stream during secretory activity of the 
stomach. 

This theory accounts for the facts that 
carbonic anhydrase and _ niacin-containing 
coenzyme occur in high concentration in 
the parietal cells, and that hypochlorhydria 
occurs in niacin deficiency. Employing a 
portion of the stomach wall as a membrane 
separating two fluid compartments, acid 
formation was measured by pH measure- 
ments in the two compartments. In con- 
firmation of others, Patterson and Stetten 
found that acid formation was inhibited by 
lack of oxygen, cyanide, fluoride, arsenite, 
and iodoacetate. They also found that 
tetramethyl-p-phenylenediamine, reportedly 
a pyridine nucleotide inhibitor, also in- 
hibits acid formation. 

It is suggested that the electrical potential 
difference between the mucosa and serosa 
of the gastric wall reflects the stratification 
of the electron-carrying enzyme systems in 
the cell. Histochemical studies have not 
succeeded as yet in demonstrating the 
postulated stratification, but the proposal 
is not unlikely since it has been demon- 
strated, for example, that alkaline phos- 
phatase is clearly localized in cells of the 
intestinal mucosa. The new theory is at- 
tractive in many respects, and of special 
interest since the mechanism involves vita- 
min-coenzyme relations and the energetics 
of the cell. 





























1949] 


NUTRITION REVIEWS 


229 


NUTRITION AND DIABETES —A TECHNIC 


Many methods have been proposed for 
the study of diabetes in animals. Studies 
using these methods have produced and are 
still producing valuable information on the 
metabolic disorders and mechanisms of the 
diabetic organism. This information has 
led to a better understanding and more 
intelligent treatment of the disease in man. 

A considerable body of information has 
accumulated concerning the influence of 
nutrition on diabetes, once it has been pro- 
duced. However, little information is avail- 
able as to any role nutrition may play in 
preventing or precipitating the disease in 
susceptible subjects. In this era of pre- 
ventive medicine this latter phase would 
seem worthy of special emphasis. 

Most of the methods in current use are 
not suitable for a study of nutritional factors 
which may be of importance in the causation 
and evolution of diabetes. Pancreatectomy 
in the dog, cat, and many other species, or 
the administration of alloxan, generally 
leads to immediate production of diabetes. 
There is no foreperiod during which the dia- 
betic stimulus is present but frank diabetes 
has not developed. 

The pancreatectomized rat, however, re- 
acts differently. Subtotal pancreatectomy 
produces diabetes in the rat but the disease 
evolves slowly through fairly consistent and 
well defined stages. Frank diabetes does 
not develop until three or four months after 
operation. The existence of this relatively 
long latent period would seem to provide an 
ideal means for studying the influence of diet 
and dietary factors on the subsequent de- 
velopment and course of the diabetic state. 
The pancreatectomized rat has, however, 
been used very little for this purpose. 

Pancreatectomy in the rat does present 
some special problems since the pancreas 
is not a discrete organ but is scattered 
diffusely without definite organ boundaries. 
R. Shapiro and G. Pincus (Proc. Soc. Exp. 
Biol. Med.34, 416 (1936)) devised a success- 


ful operation for the removal of this organ. 
Their procedure has been used and modified 
by other investigators. 

V. G. Foglia, working in the laboratory 
of B. A. Houssay in Argentina, has de- 
veloped an operative technic which seems to 
be successful. The operation can be com- 
pleted in five or six minutes with a mortality 
rate of about 15 per cent and with production 
of a fairly consistent type of abnormality. 
Foglia (Rev. de la Soc. argent. de biol. 20, 


21 (1944)) has made a careful and detailed 


study of the evolution of the disease, which 
seems worth emphasizing because of its 
similarity to the evolution of some types of 
diabetes in man. 

Foglia has divided the development of the 
disease into three periods. The first stage 
he calls “‘inapparent diabetes”? which usually 
lasts about thirty days after operation. 
During this period there are no detectable 
signs or symptoms of diabetes. The rats 
continue to grow and develop in a nearly 
normal fashion. The second stage which 
he calls “incipient diabetes’? begins about 
one month after operation, when alimentary 
glycosuria first develops, and lasts two to 
three months. 
fest diabetes,” begins with the appearance 
of fasting hyperglycemia and lasts six or 
seven months at which time death super- 
venes. 

The second stage is characterized by a 
gradual development of diabetic signs and 
symptoms. The rats grow at a reduced rate 
and finally weight gain ceases. During the 
second month after operation the rats begin 
to show considerable spontaneous hyper- 
activity. Some polyphagia,  polydipsia, 
polyuria, and ketonuria become evident in 
the second and third months. Alimentary 
hyperglycemia and a diabetic type of glucose 
tolerance curve develop. 
may appear. 

During the third stage fasting hyper- 
glycemia appears. 


The third stage, or ‘“mani- 


Early cataract 


All symptoms increase 
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in severity, body weight declines, and varia- 
tions in organ weights develop. The fast- 
ing blood sugar frequently reaches 300 to 
400 mg. per cent. Polyphagia, polydipsia, 
and polyuria become marked and cataract 
becomes severe; debility and cachexia pro- 
gress until finally death occurs. 

Using this technic, Foglia, Houssay, and 
their collaborators have reported several 
interesting findings. These rats develop 
cataract (V. G. Foglia and F. K. Cramer, 
Proc. Soc. Exp. Biol. Med. 55, 218 (1944)), 
the incidence and severity being in direct 
relation to the blood sugar. They also 
develop a severe glomerular sclerosis (Foglia, 
R. E. Mancini, and A. F. Cardeza, Rev. de 
la Soc. argent. de biol. 24, 114 (1948)). 
Thyroidectomy performed simultaneously 
with pancreatectomy prevents the appear- 
ance of diabetes in most of the rats (B. A. 
Houssay, Foglia, H. P. Diaz, and J. G. Sara, 
Ibid. 21, 232 (1945)). Thyroid therapy in 
some instances seemed to prevent the disease 
(Houssay, Foglia, and C. Martinez, Endo- 
crinology 39, 361 (1946)). Males are more 
susceptible to the diabetic process than fe- 
males (Foglia, N. Schuster, and R. R. 
Rodriguez, Ibid. 41, 428 (1947)). Admin- - 
istration of estradiol has a protective effect 
in both males and females. 

C. N. H. Long, B. Katzin, and E. G. Fry 
(Endocrinology 26, 309 (1940)) have used 
pancreatectomized rats to study the relation 
of the adrenal cortex to carbohydrate metab- 
olism and have described many characteris- 
tics of the diabetic rat. Some of their rats 
would not become diabetic unless injections 
of anterior pituitary extract were given. 

The interest of all of these workers, how- 
ever, has been primarily in the endocrinologic 
aspects and little attention has been given 
to the role of diet and dietary factors. The 
diets used have been composed principally 
of natural foods. Purified diets, so valuable 
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in nutrition research, have not been em- 
ployed. This possibility should be explored 
now that most, if not all, of the dietary 
essentials for the rat have been identified. 

C. P. Richter and E. C. H. Schmidt 
(Endocrinology 25, 698 (1939)) have de- 
veloped a technic for pancreatectomy in the 
rat. Using a self-selection diet they have 
shown that these animals exhibit an in- 
creased appetite for fat and yeast with a 
decreased appetite for carbohydrate (/bid. 
28, 179 (1941); Richter, Schmidt, and P. D. 
Malone, Bull. Johns Hopkins Hosp. 16, 192 
(1945)). When allowed to select their own 
diet, their diabetic symptoms improved. 

Although the evolution of diabetes in the 
pancreatectomized rat presents many points 
of similarity to human diabetes there are 
dissimilarities which must be kept in mind. 
Diabetes in man is not obviously a pan- 
creatic disease since the histology of the 
gland and even its insulin content usually 
are normal. Pancreatectomy in man usu- 
ally does not produce diabetes having the 
same characteristics as spontaneous dia- 
betes. Human diabetic patients develop 
complications such as diabetic neuropathy, 
arteriosclerosis, and diabetic retinopathy 
which are not seen in rats. These diabetic 
rats do, however, develop cataract and a 
type of glomerular sclerosis which resemble 
the analogous complications in man. 

Little attention seems to have been given 
to the possibility that some of the complica- 
tions of diabetes seen in man might be pro- 
duced in rats if proper conditions could be 
found. Dietary maladjustment is one pos- 
sibility that should be given consideration 
in this regard. 

Despite these limitations, the pancreatec- 
tomized rat seems to offer distinct promise 
as a tool in nutrition research and should 
be given serious consideration by those in- 
terested in this subject. 
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IRON TRANSPORT 


The study of the metabolism of iron has 
been fraught with many difficulties. De- 
spite great investigative efforts, large areas 
of knowledge of this essential nutrient re- 
main obscure. A review of present knowl- 
edge of iron in human nutrition has been 
made (Nutrition Reviews 4, 291 (1946)). 
In addition, storage iron was discussed 
(Ibid. 5, 85 (1947)), and investigations of 
iron absorption and its metabolism, par- 
ticularly in infections (Ibid. 5, 150, 244 
(1947)), have been reported. 

Somewhat over half of the iron in the body 
is in the form of hemoglobin and about one- 
fifth each in storage depots and in combina- 
tion with protein and body tissues, mostly 
with enzymes, especially the respiratory 
enzymes. Muscle myoglobin contains iron. 
In addition to the iron present in the blood 
as hemoglobin, a small quantity (approx- 
imately 100 micrograms per 100 ml.) is 
present in the blood as such, the so-called 
serum iron. Extremely small amounts of 
iron are normally lost from the body unless 
there is actual blood loss, i.e., hemoglobin 
loss. Thus, the amount of iron in the serum 
presumably represents that being trans- 
ported from hemoglobin breakdown for its 
resynthesis and is in equilibrium with 
storage iron in various parts of the body. 

For some time it has been suspected that 
the serum iron was in part bound to protein. 
With the availability of large amounts of 
normal human plasma and methods for its 
fractionation, it has been possible to separate 
a small amount of a globulin normally pres- 
ent in plasma which will specifically bind iron 
(D. M. Surgenor, B. A. Koechlin, and L. E. 
Strong, J. Clin. Invest. 28, 73 (1949)). 

The globulin is able to bind not only iron 
but also copper and zinc, exists by electro- 
phoretic analysis in the beta; fraction, and 
hence has been called the beta,-metal-com- 
bining globulin. When iron is added to a 
solution of the crystallized globulin a salmon 
red-colored complex is formed which has an 


absorption maximum at 465 millimicrons. 
The affinity of the protein for iron was con- 
siderably greater than that for copper. 

C. E. Rath and C. A. Finch (J. Clin. In- 
vest. 28, 79 (1949)) investigated the iron- 
binding capacity of serum in man. When 
small increments of a standard iron solution 
were added to a solution of the iron-binding 
protein or to a sample of serum there was an 
increase in the salmon red color which, meas- 
ured spectrophotometrically, bore a linear 
relation to the amount of iron added. This 
held true up to the so-called saturation 
point. Additional increments of iron added 
after saturation of the metal-binding protein 
produced no increase in color. In this way 
the iron-binding capacity expressed in micro- 
grams of iron per 100 ml. of serum could be 
and was determined. 

Fifteen normal males and 15 normal 
females had an iron-binding capacity vary- 
ing from 144 to 285 micrograms per 100 ml. 
Simultaneous measurement of the serum 
iron concentration revealed a saturation of 
the globulin with iron of from 22 to 44 per 
cent, with an average of 34 per cent for 
males and 33 per cent for females. 

The authors investigated the serum iron 
concentration and iron-binding capacity of 
the serum in a group of patients with 
various illnesses. Included were patients 
with iron deficiency anemia, infections, 
hemochromatosis, transfusion hemosiderosis, 
pernicious anemia, and liver disease. 

In iron deficiency anemia, as might be 
expected, there was a decrease in the serum 
iron concentration, but because of a con- 
comitant increase in the iron-binding capac- 
ity of the serum the percentage saturation 
was extremely low, varying from 4 to 22 per 
cent. In patients with infections (such as 
pneumonia, bacterial endocarditis, and tu- 
berculosis—9 patients) the serum iron was 
likewise markedly reduced, although not 
to the extent seen in patients with iron 
deficiency anemia. However, in contrast 
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to the patients with iron deficiency, those 
with infections had a significant, if not 
marked, decrease in the iron-binding capac- 
itv of the serum so that the percentage 
saturation was higher than was the case in 
iron deficiency. In refractory anemia, per- 
nicious anemia, and in liver disease there 
Was an increase in the serum iron concentra- 
tion and a moderate reduction in the iron- 
binding protein, producing on the average 
an increase in the percentage saturation. 
In both hemochromatosis and transfusion 
hemosiderosis there was a moderate reduc- 
tion in iron-binding capacity to levels close 
to that seen in infections, pernicious anemia, 
and in liver disease, but there was 100 per 
cent saturation in the 4 cases of transfusion 
hemosiderosis studied and in 5 of the 9 
patients with hemochromatosis. In the re- 
maining 4 patients with hemochromatosis, 
percentage saturation was still high, being 
77, 81, 82, and 82 per cent, respectively. 

Further studies of the iron-binding capac- 
ity of the serum in patients with anemia of 
infection were made by G. E. Cartwright 
and M. M. Wintrobe (J. Clin. Invest. 28, 
86 (1949)). These authors used a method 
for determining the iron-binding capacity 
similar to that reported by Rath and Finch 
(loc. cit.) and confirmed the latters’ figures 
for iron-binding capacity and percentage 
saturation in normal individuals. They 
observed the same reduced iron-binding 
capacity in patients with chronic infections 
and the proportionately greater serum iron 
reduction. 

Cartwright and Wintrobe further observed 
that when iron was injected intravenously 
in amounts calculated to saturate fully the 
iron-binding protein, such saturation was 
observed within five minutes after the in- 
jection. Reactions to the injections, con- 
sisting of headache, flushing, and nausea, 
were observed by each of the individuals 
shortly after the injection, presumably due 
to the free iron i.e., iron not bound to pro- 
tein. Throughout their studies the authors 
observed that toxic reactions were noted only 
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when the iron-binding capacity was ex- 
ceeded. 

Six patients with infection were followed 
during the ‘course of their infection and dur- 
ing recovery. As recovery proceeded there 
was a sharp rise, sometimes striking, in the 
iron-binding capacity. At the same time 
there was a distinct rise in the serum iron 
concentration as well. The percentage sat- 
uration of the iron-binding protein thus re- 
mained essentially constant in these patients. 
In addition, the rate of removal of intra- 
venously administered iron from the blood 
plasma was measured in 2 patients with 
chronic infections. In each patient two 
injections of iron were given several days 
apart. Immediately prior to the second 
injection in each patient, iron-binding pro- 
tein was administered intravenously. The 
increase in iron-binding protein available 
during the second injection of iron resulted 
in an increased iron content of the plasma, 
but the rate of disappearance of iron from 
the serum was not diminished by the prior 
injection of the iron-binding protein. 

The authors interpreted these results to 
indicate that the low serum iron concentra- 
tion which is regularly seen in association 
with acute and chronic infections is not the 
result of low iron-binding capacity of the 
serum. Presumably the previous finding of 
large amounts of iron in the liver in animals 
with infection (Nutrition Reviews 5, 244 
(1947)) still accounts for the disappearance 
of intravenously injected iron from the 
plasma in these patients and is responsible 
for their low serum iron concentration. 

These investigations of Rath and Finch 
and of Cartwright and Wintrobe confirm 
similar studies made by C. B. Laurell (Acta 
physiol. Scandinav. 14 (Suppl. 46) (1947)). 
Somewhat different methods for determining 
iron-binding protein were used by this 
author, nevertheless the results were essen- 
tially similar. In addition, he observed that 
in pernicious anemia following administration 
of liver extract, serum iron began to fall and 
did so rapidly in the first forty-eight hours, 
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although there was no change in the iron- 
binding capacity of the serum. In acute 
hepatitis the serum iron-binding capacity 
rose somewhat after the first few days of the 
illness. 

These collective studies add considerably 
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to the knowledge of iron transport and metab- 
olism. Whether iron-binding protein 
important for absorption of iron from the 
gastrointestinal tract can only be guessed 
at present. Undoubtedly work is progress- 
ing on this subject. 


is 


METABOLISM OF CARBOHYDRATE INTERMEDIATES 


The fate of such short-chain compounds 
as acetic acid, pyruvic acid, and succinic 
acid has been difficult to trace until the use 
of radioactive C“ and the stable isotope C”’. 
It is increasingly apparent that these simple 
compounds serve for the synthesis of a 
variety of important biologic compounds, 
and in these functions utilize various vita- 
mins as catalysts. 

In the work of R. G. Gould et al. (J. Biol. 
Chem. 1TT, 295 (1949)) the fate of the carbon 
of bicarbonate, acetic acid, and succinic 
acid was studied, both with respect to the 
rate of excretion of carbon (as carbon diox- 
ide) from these compounds, and their abil- 
ity to serve as precursors of glycogen, fatty 
acids, and cholesterol. C'*-labeled bicarbo- 
nate and carboxyl-labeled acetate and 
succinate were injected into previously 
fasted rats, and the exhaled carbon dioxide 
collected in sodium hydroxide during speci- 
fied time intervals. The amount of radio- 
activity in each sample of carbon dioxide 
was evaluated by radioassay of a precipitate 
of barium carbonate prepared from an 
aliquot of the sample. 

After injection of radioactive bicarbonate, 
the maximum specific activity of the ex- 
haled carbon dioxide was found within the 
first ten minutes. Approximately 65 per 
cent of the injected radioactivity was re- 
covered in the first thirty minutes, and 95 
per cent recovered by the end of four hours. 
After administration of labeled acetate, 
the maximum specific activity of the carbon 
dioxide occurred in ten to twenty minutes. 
About 35 per cent of the radioactive carbon 
was recovered in thirty minutes and 87 per 


cent in four hours. Obviously acetate is 
rapidly distributed and metabolized, al- 
though not rapidly as_ bicarbonate. 
Succinate was the least readily metabolized 
to carbon dioxide. The maximum specific 
activity of the exhaled carbon dioxide was 
reached at thirty minutes, and only 20 per 
cent of the radioactivity was recovered after 
thirty minutes. 

Perhaps of greater interest is the amount 
of radioactive carbon of these compounds 
which was found in glycogen, fatty acids, and 
cholesterol at the end of the experiment. 
After administration of bicarbonate and 
succinate, appreciable amounts of the carbon 
were found in liver glycogen but none was 
detected in the fatty acid or cholesterol frac- 
tions of the liver. Carbon dioxide must 
have been incorporated in liver glycogen 
by the now well recognized fixation of carbon 
dioxide by pyruvate to form oxalacetate. 
In contrast to the above, the carbon of 
acetate was found not only in liver glycogen, 
but also in the fatty acids and cholesterol. 
These results confirm others which indicate 
the versatility of acetic acid as a source of 
more complex biologic compounds. 


as 


Related to the above experiments are 
those of H. S. Anker (7. Biol. Chem. 176, 
1337 (1948)) in which pyruvate (labeled 
both in the carboxyl and carbonyl positions) 
or carboxyl-labeled acetate were fed. It 
was found that pyruvic acid was incorpo- 
rated in varying degrees into liver glycogen, 
cholesterol, fatty acids, and into the acety] 
groups of excreted foreign amines. The 
isotope from carbonyl- and carboxyl-labeled 
pyruvate was utilized equally well for gly- 
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cogen utilization, indicating that all the 
carbons of the pyruvate molecule were avail- 
able for glycogen formation. Acetic acid 
carbon was not nearly as well utilized for 
glycogen formation. Concentrations of iso- 
topic carbon in urea suggested an analogous 
rate of utilization for acetate and pyruvate. 

In the formation of cholesterol, the car- 
boxyl-carbon of acetate was incorporated 
in high concentration; the carbonyl-carbon 
of pyruvate was utilized at double the rate 
of the carboxyl-carbon. For the formation 
of fatty acids, the carbonyl-carbon of pyru- 
vate or the carboxyl-carbon of acetate 
were utilized, confirming the present theory 
that fatty acids are constructed from 2 car- 
bon molecules. To study whether the 2 
carbon atoms of the glycine conjugated with 
benzoic acid (hippuric acid) might arise 





234 NUTRITION REVIEWS 


[August 


from acetate or pyruvate, benzoic acid was 
fed simultaneously with administration of 
the radioactive compounds. Analysis of 
the excreted hippuric acid showed that acetic 
acid was not a precursor of the glycine pres- 
ent in the hippuric acid molecule, while both 
the carbonyl- and carboxyl-carbons of py- 
ruvic acid were utilized equally for synthesis 
of the glycine molecule. 

These studies do not reveal the exact 
mechanisms by which these short-chained 
compounds are utilized to form complex bio- 
logic materials, but give some insight into 
the various fates of the carbon of the carbo- 
hydrate molecule. The biochemist and nu- 
tritionist must nevertheless recognize these 
metabolic interrelations in the study of 
enzyme and vitamin function in metabolism. 


VITAMIN A DEFICIENCY IN MAN 


In the experiments on man carried out by 
H. Jeghers (J. Am. Med. Assn. 109, 756 
(1937)), G. Wald, Jeghers, and J. Arminio 
(Am. J. Physiol. 123, 732 (1938)), and 
S. Hecht and J. Mandelbaum (J. Am. Med. 
Assn. 112, 1910 (1939)) a rapid response to a 
diet deficient in vitamin A was reported. The 
first signs of deficiency, a rise in light thresh- 
old of the dark adapted eye, were said to be 
present (in one case) as early as twenty-four 
hours after removal of the vitamin from the 
diet. In subsequent experiments the interval 
between the start of the vitamin A deficient 
diet and the onset of impaired dark adapta- 
tion has increased progressively. 

S. Hecht and J. Mandelbaum (Am. J. 
Physiol. 180, 651 (1940)) reported an almost 
immediate rise in the visual threshold in 14 
out of 17 subjects. The rise continued as long 
as the men were kept on the diet deficient in 
vitamin A. In 3 of their subjects a definite 
rise in the light thresholds was not estab- 
lished until after twenty-two, fifty-five, and 
sixty days, respectively. 

W. J. Dann and M. E. Yarbrough (Arch. 





Ophth. 25, 833 (1941)) did not observe any 
measurable change when the experimenters 
remained for five weeks on a diet deficient in 
vitamin A. In the 5 human subjects studied 
by L. E. Booher, E. C. Callison, and E. M. 
Hewston (J. Nutrition 17, 317 (1939)) defi- 
nite impairment of dark adaptation was 
obtained after sixteen, twenty-seven, 
twenty-nine, thirty-nine, and one hundred 
and twenty-five days, respectively. L. F. 
Steffens, H. L. Bair, and C. Sheard (Am. J. 
Ophth. 23, 1325 (1940)) did not obtain 
significant changes of dark adaptation in 3 
normal adult subjects maintained on a 
vitamin deficient diet for periods of forty- 
two, one hundred and sixty, and one 
hundred and ninety days, respectively. 

G. Wald, L. Brouha, and R. E. Johnson 
(Am. J. Physiol. 187, 551 (1942)) maintained 
5 young men for thirty days on a diet high in 
vitamin A and subsequently for six months 
on an extremely low vitamin A intake. The 
plasma carotenoid decreased rapidly to a low 
level, whereas the vitamin A level was main- 
tained without change throughout the 























ose rT ve Wwe 


n 


in 
18 
1e 


n- 





ine © 





ea 


1949) 





experimental period. In 3 subjects the light 
threshold of the completely dark adapted eye 
remained unaffected by the deficient diet. 
In the other subjects there was only a very 
gradual and moderate rise in the threshold 
values. 

E. L. Batchelder and J. C. Ebbs (J. 
Nutrition 27, 295 (1944)) showed a rise in 
the light threshold after sixty-five to one 
hundred days on a vitamin A deficient diet. 
In one subject there was a slight initial rise 
in visual threshold. However, after the 
eighty-fifth day the visual threshold spon- 
taneously returned to the normal value and 
actually continued to improve up to the one 
hundred and eightieth day when the experi- 
ment was terminated. 

S. Brenner and L. J. Roberts (Arch. Int. 
Med. 71, 474 (1943)) placed 5 young adults, 
2 men and 3 women, on a diet very low in 
vitamin A content. The duration of the 
experimental regimen was twenty weeks for 
the men and thirty-one weeks for the women. 
The diet contained only 67 to 100 U.S.P. 
units of vitamin A per day but conformed 
in the other components to the dietary al- 
lowances recommended by the National 
Research Council. A fourth woman acted as 
a control subject. In addition to the vitamin 
A contained in the diet she received daily 
supplements of 10,000 U.S.P. units in the 
form of capsules containing halibut liver oil. 
A variety of tests was applied to detect sub- 
clinical vitamin A deficiency. At intervals, 
measurements were made of dark adapta- 
tion, peripheral visual fields, total and differ- 
ential white blood cell counts, and vitamin A 
and carotene content of the blood. The 
structure of the skin and the conjunctiva 
was studied. All findings were negative, 
except for a sharp decrease in the blood 
carotene. In conformity with the results ob- 
tained by other investigators, the blood 
level of vitamin A remained constant 
throughout. There were no complaints of 
night blindness. 

The authors drew the conclusion that 
either the demand for vitamin A by the 
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human organism was not great enough to 
deplete the hepatic stores, within the experi- 
mental period of seven and one-half months 
in the case of the 3 female subjects, or that 
the reported early signs of vitamin A de- 
ficiency are related to factors other than a 
simple reduction of vitamin intake. 

These studies were carried out on small 
samples of subjects. Discrepancies between 
the results were marked and a large-scale, 
rigorously executed experimental investiga- 
tion was obviously called for. This was 
undertaken in 1942 by the Vitamin A Sub- 
Committee of the Accessory Food Factors 
Committee, (British) Medical Research 
Council (M.R.C.). 

A short preliminary report on the experi- 
ment was published i:. 1945 (Nature 156, 11 
(1945)). The full report was compiled by 
Miss E. M. Hume, general organizer and 
secretary to the team of research workers 
engaged in the experiment and Dr. H. A. 
Krebs, a biochemist (*‘Vitamin A Require- 
ment of Human Adults: An Experimental 
Study of Vitamin A Deprivation in Man,” 
Medical Research Council Special Report 
Series No. 264, London (1949)). In addition 
to the introductory material, including in- 
formation on the organization of the research 
team, the report consists of three sections: 
(1) a concise account of the experiment; (2) 
elaboration of special aspects, such as sea- 
sonal changes in the dark adaptation thresh- 
old and normal values for the vitamin A and 
carotenoid content of human blood plasma; 
and (3) details of the evidence. 

The study was undertaken in response to a 
request from the Ministry of Food for infor- 
mation, more accurate than then 
available, on requirements of human adults 
for vitamin A or its precursor, carotene. 
Twenty-three conscientious objectors, 20 
men and 3 women, between the ages of 19 
and 34, served as full-time volunteer sub- 
jects. They lived on a diet deficient in vita- 
min A for periods ranging from six and a half 
to twenty-five months. 

The investigation was made at the Sorby 
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Research Institute at Sheffield. A large 
research team was organized to carry out 
the general clinical examinations, blood 
cell counts and hemoglobin determinations, 
skin biopsies, ophthalmologic examinations, 
measurements of dark adaptation, night 
vision scotometry, audiometry, psychologic 
examinations, estimation of vitamin A and 
carotenoids in the blood and of carotene in 
the feces, chemical analyses of foods, biologic 
tests of vitamin A potency of the diet, and 
statistical analysis of the data. 

The experimental design called for giving 
16 of the subjects a diet virtually free of 
vitamin A or carotene, but otherwise ade- 
quate, until unmistakable signs of vitamin 
A deficiency appeared. The amount of vita- 
min A or carotene which was needed to 
restore normal function was to be deter- 
mined. The remaining 7 subjects were 
assigned to serve as positive controls. They 
received the same diet as the experimental 
subjects, plus a supplement of vitamin A or 
carotene from various sources. The experi- 
ment was to be completed in six to eight 
months. The determination of the human 
requirements of vitamin A or carotene was 
the principal object of the experiment. 
Actually, the data on the signs of vitamin A 
deficiency, improvements in methods for 
assessing impairment of night vision, espe- 
cially Livingston’s method of rod scotome- 
try, and results of collateral investigations 
such as those concerned with the vitamin A 
reserves in the human liver (estimated at 
500,000 1.v. for the liver as a whole), consti- 
tute the major interest of the study. 

The diet consisted of natural foodstuffs 
and supplied, on chemical analysis, about 
70 1.u. of beta-carotene daily (1 1.u. = the 
color equivalent of 0.6 mg. of beta-carotege). 
Biologic assays with rats indicated that the 
diet was very low in vitamin A potency. Of 
the 7 control subjects, 5 received daily about 
5000 1.c. of vitamin A in a form of a concen- 
trate. Capacity for dark adaptation was 
measured with the adaptu.. eters of Wald 
and Craik. The light thresholds after twenty 
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minutes of dark adaptation were determined 
at two week intervals; the measurements 
were continued until consistent readings 
were obtained. This ‘‘final’” level was at- 
tained by normal subjects in less than ten 
minutes. The cone-rod transition time and 
full dark adaptation curve were determined 
frequently. Clinical examinations, together 
with a large battery of tests, were repeated 
regularly. 

The first result of maintenance on the 
depleted diet was a pronounced decrease in 
the carotenoid content of the blood. Within 
three months, the average value dropped 
from the color equivalent of about 150 1.v. 
per 100 ml. of blood plasma to about 40 
1.U.—a good indication of adherence to the 
experimental diet. The decrement in caro- 
tenoids had no detectable parallel in the 
deterioration of any body function. In 10 
out of 16 experimental subjects a definite 
decrement was observed in the plasma level 
of vitamin A after eight months of the 
dietary regimen. In 4 men the level even- 
tually fell below 50 1.v. of vitamin A per 
100 ml. of plasma, as compared with the 
average normal of 120 1.v. In one man no 
appreciable change could be demonstrated 
even after twenty-two months of depriva- 
tion. 

The capacity for dark adaptation showed 
rather definite seasonal variation. The light 
threshold showed no change during the first 
four months, increased during the winter 
months, but returned spontaneously. (i.e., 
without vitamin A supplementation of the 
diet) to the initial level. A marked deteriora- 
tion of the dark adaptation occurred in only 
3 out of the 16 experimental subjects, after 
ten, twelve, and twenty months on the diet, 
respectively. 

Another criterion of dark adaptation was 
the cone-rod transition time, defined as the 
time of dark adaptation at which vision 
mediated by the cones changes into a func- 
tion of the rods. The shift is indicated by a 
sudden decrease of the threshold values (in- 
crease in light sensitivity). The normal 
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values varied between five and twelve min- 
utes and remained within this narrow range 
in all but the 3 subjects with increased final 
light threshold. The time required for reach- 
ing the maximum light sensitivity was much 
longer than the average normal period of 
thirty minutes. In 2 of the vitamin A 
deficient subjects definite abnormality of the 
visual fields was demonstrated by the 
method of rod scotometry. 

Originally, completion of the experiment 
was expected in six to eight months. How- 
ever, even a period three times as long 
proved not long enough for carryin;, out the 
initial purpose of the investigation. Only 3 
subjects could be unmistakably judged as 
having developed a frank vitamin A defi- 
ciency, With the drop in the vitamin A level 
of the blood plasma and a deterioration of 
dark adaptation serving as the criteria of 
depletion and deficiency. It should be noted 
that several subjects were maintained on 
the depleted diet for more than eighteen 
months and one subject for over two years. 
It was stated categorically that no other 
unequivocal signs of deficiency could be 
found in any of the 16 deprived subjects 
during the whole course of the experiment. 

The great majority of tests and the clinical 
examinations provided no basis for differ- 
entiating etween the controls and the 
experimental subjects, and revealed no 
differences between the status of the experi- 
mental subjects before and during vitamin 
A deprivation. Incidence of such abnor- 
malities, commonly regarded as symptoms 
of vitamin A deficiency, as horny eruptions 
on the skin (follicular hyperkeratosis), con- 
junctival degenerations, or fatigability failed 
to distinguish the depleted and the supple- 
mented subjects. This applied also to the 
biomicroscopic appearance of the cornea, the 
blood picture including platelet counts, 
gastrointestinal abnormalities, body weight, 
and the incidence of colds and coughs. 
Dryness of the skin and eye discomfort 
seemed to be more common in the depleted 
group but the significance of the difference 
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was doubtful. In the experimental group 
there appeared to be some deterioration of 
hearing. 

The delayed onset of the deficiency symp- 
toms, their sparse incidence, and undramatic 
character were a surprise to the investigators 
who carried out the study. They were forced 
to draw the practically important conclusion 
that vitamin A deficiency in adults of aver- 
age nutritional status can be induced less 
~asily and less rapidly than was generally 
supposed at the time the experiment was 
started. A warning was made against over- 
generalizing the results. No valid inference 
could be drawn from experiments on normal 
young adults as to the needs of children, 
pregnant or nursing mothers, the ill, and the 
chronically undernourished. 

The number of subjects (3) who could be 
used for determining the therapeutic effec- 
tiveness of graded doses of vitamin A and 
carotene was too small for a thorough investi- 
gation of the problem. On the basis of ad- 
mittedly limited data, 1300 1.v. of vitamin 
A and 1500 1.vu. of carotene were considered 
as the minimum protective dose for young 
adults. The figures of 2500 1.v. of vitamin A 
and 3000 1.vu. of carotene were recommended 
as daily allowances which would amply 
cover individual variations in minimum re- 
quirement and would leave a large margin of 
safety. It was pointed out that carotene from 
different sources is not equally ‘“‘available.”’ 
The figure of 7500 1.v. of carotene in the diet 
was put forth as a rough general estimate of 
the daily requirement. 

This recent, well planned British study, is 
undoubtedly of great interest and value. 
Nevertheless, from a public health point of 
view, there is a risk of overinterpreting the 
conclusions. It is especially pertinent to cite 
Professor H. C. Sherman’s observations with 
large numbers of well controlled animals 
through a life span period. Animals given an 

intake of vitamin A, sufficient for growth, 
and well above the requirement for complete 
freedom from specific signs of deficiency, 
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failed in health (as measured by successful 
reproduction, lactation, and maintenance of 
body weight), and died at an early period of 
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adult life, compared with animals receiving 
an intake of vitamin A twice or four times 
higher than the ‘‘protective”’ level. 


THIAMINE CONTENT OF PORK 


The superiority of pork muscle as a source 
of thiamine in human dietaries has been dis- 
cussed previously (Nutrition Reviews 2, 81 
(1944)). It was recognized at that time, how- 
ever, that variations of considerable magni- 
tude frequently exist in the thiamine 
contents of various samples of pork. This 
would indicate that thiamine is not under 
physiologic control in the pig, as confirmed 
in the work of Pence et al. (loc. cit.) who 
found that a diet containing 1300 micro- 
grams of thiamine per pound, although 
adequate for proper growth, did not result in 
optimum storage in the tissues. The shoulder, 
loin, and liver of these animals contained 7.9, 
9.5, and 3.3 micrograms of thiamine per gram 
of fresh tissue, whereas pigs receiving 3450 
micrograms per pound provided 15.1, 20.0, 
and 4.5 micrograms per gram, respectively. 

The importance of the thiamine content 
of swine diets has been further emphasized in 
two papers by workers at the Hawaii Agri- 
cultural Experiment Station (C. D. Miller 
and 8. H. Work, J. Animal Sci.5, 350 (1946); 
KE. Hartzler, W. Ross, and E. L. Willett, 
“ood Research 14, 15 (1949)). A comparison 
of the thiamine contents of feed used by the 


three groups reveals that the “‘low thiamine” 


diet used by Pence and co-workers may 
represent more closely the usual dietary 
levels of this vitamin available to swine, 
since the high thiamine levels above were 
obtained through use of peanut skins, 
brewers’ yeast, and pure thiamine. The grain 
diets used by all three groups contained from 
1300 to 1800 micrograms per pound. 
Further, the Hawaiian workers pointed out 
that over a million head of swine are fattened 
annually in the United States on garbage, 
and that garbage eonstitutes the bulk of the 
diet of pigs in the Hawaiian Islands. Al- 





though the garbage was reported to be of 
high quality, its thiamine content averaged 
only 945 micrograms per pound. 

Five pairs of litter mate pigs were divided 
into two groups and were fattened on gar- 
bage and grain, respectively. The grain diet 
consisted, per 100 parts, of barley 64, 
molasses 20, tankage 7, soybean oil meal 7, 
and steamed bone meal and salt 1 part each, 
respectively. Representative samples of gar- 
bage analyzed 29.1 per cent dry matter, of 
which 20.8 per cent was protein, 32.6 per 
cent ether extract, 2.3 per cent crude fiber, 
3.5 per cent ash, and 40.7 per cent nitrogen- 
free extract. In addition to these rations, all 
animals received 1 pound of fresh panicum 
grass daily. 

After being fattened for varying lengths of 
time (forty-nine to one hundred and ninety- 
one days) single animals from each group 
were slaughtered, and assays were performed 
on the shoulder, loin, and liver. The grain-fed 
group contained an average of 7.8, 7.5, and 
2.5 micrograms of thiamine, respectively, 
per gram of these tissues, whereas the 
garbage-fed group assayed only 3.3, 3.1, and 
1.7 micrograms per gram, respectively. The 
garbage-fed pigs thus stored less than half 
as much thiamine in their muscles as did the 
grain-fed animals, although their intake was 
roughly two-thirds as great. 

The authors indicated that the garbage-fed 
pigs fattened fully as rapidly as the grain-fed 
pigs, and no indication of retarded per- 
formance was evidenced. It would seem, 
however, from the very low storage in ani- 
mals on the low thiamine diet, that the 
minimum requirement of thiamine for good 
growth and well-being in the pig may not be 
much lower than 900 micrograms per pound 
of food, although E. H. Hughes (Food Re- 
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search 6, 169 (1941)) has suggested that the 
minimum requirement may be as low as 1 
mg. daily per 100 pounds of pig, or roughly 
one-third to one-half the present value. Pork 
liver appears not to store large quantities of 
this vitamin, for the levels in this organ were 
more nearly constant than in skeletal muscle. 

J. W. Pence, R. C. Miller, R. A. Dutcher, 
and P. T. Ziegler (J. Animal Sci. 4, 141 
(1945)) have shown that the rate of satura- 
tion of pork tissues with thiamine is rapid. 
Thirty-six pigs, weighing about 40 pounds 
each, were placed on a grain-type diet which 
supplied approximately 1200 micrograms of 
thiamine per pound, or a daily total of about 
5.3 mg. Several of these pigs were divided 
into groups which received additional daily 
supplements of 50 mg. of thiamine per ani- 
mal, for periods ranging from eight to one 
hundred and fifty-five days. The thiamine 
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levels in the shoulder, loin, and liver rose 
from an average of 7.6, 9.8, and 3.6 micro- 
grams per gram among the controls to 18.4, 
24.8, and 6.8 micrograms per gram in animals 
fed extra thiamine for thirty-five days pre- 
ceding slaughter. Moreover, these high levels 
were maintained to a considerable degree in 
the muscle when the thirty-five day satu- 
ration period was followed by thirty-five 
days without thiamine supplementation. 

From a practical standpoint, supplementa- 
tion of hog diets with thiamine-rich foods, 
such as yeast or peanut skins, will probably 
be carried out only whenever it is economi- 
cally feasible to do so. However, this practice 
should certainly be encouraged, especially 
where the use of a low thiamine diet, such as 
garbage, will provide meat of low vitamin 
value. 


COMPOSITION OF BONES AND TEETH 


The composition of the inorganic portion 
of bone has been shown to vary with age, 
rickets, acidosis, alkalosis, diet, and osteo- 
petrosis. On the other hand, little is known 
about the effect of these conditions on the 
inorganic portion of the enamel or dentin of 
developing or mature teeth. The mineral 
phase is regarded as essentially the same in 
bone and teeth and is represented by the 
general formula CaCo;-n[Ca3(PO,).], in 
which approximately 6 per cent of the cal- 
cium may be substituted by other bases. 
Radiographic evidence demonstrates that it 
has an apatite lattice. 

The rate of turnover of the inorganic con- 
stituents in the bone of young adult animals 
is known to be relatively rapid. In compari- 
son, the turnover in the structures of 
mature teeth has been demonstrated to be 
considerably slower. For example, W. D. 
Armstrong and C. P. Barnum (J. Biol. Chem. 
172, 199 (1948)) fed radioactive calcium and 
phosphorus to albino rats and found that the 
rate of exchange of the radioactive ions in the 





molar dentin was about one-sixth that of the 
femur, and in the molar enamel was from 1.5 
to 3 per cent of that of the femur. In the 
continually growing incisor, the turnover of 
radioactive isotopes in the dentin was two- 
thirds and in the enamel was one third of 
that in the femur. 

A series of papers has been published 
which yields considerable interesting data on 
the relation of the composition of the blood 
and diet to the constitution of bone and of 
the enamel and dentin of developing teeth. 
In the first experiment of this series, A. E. 
Sobel, M. Rockenmacher, and B. Kramer 
(J. Biol. Chem. 168, 475 (1945); 159, 159 
(1945)) altered the calcium and phosphorus 
content of the blood serum of rats by dietary 


means, and studied the effect of these 


changes on the composition of the inorganic 
phase of the long bones. Three diets were 
used in this experiment: the basal diet (A) 
contained traces of calcium (0.03 per cent) 
and suboptimum amounts of phosphorus 
(0.32 per cent), and had a calcium: phos- 
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phorus ratio of less than 0.1; diet B consisted 
of the basal ration to which was added 3.0 
per cent of calcium carbonate to make a high 
calcium-low phosphorus ration; diet C con- 
sisted of the basal ration supplemented with 
2.75 per cent anhydrous sodium dibasic phos- 
phate to make a low calcium-high phosphate 
mixture. 

The subjects were albino rats weaned at 
23 days of age. Ten litters containing at least 
8 rats each were selected. Two rats in each 
litter were killed on the first day of the ex- 
periment to furnish data on the initial com- 
position of the blood and bone. Each of the 
three experimental diets was fed to 2 rats 
from each litter for thirty days. One pair 
of rats on each diet received a daily sup- 
plement of 100 1.v. of vitamin D in 0.1 ml. 
of corn oil. 

At the end of the experiment, the rats were 
killed and the blood collected under oil and 
centrifuged after clotting. The serum was 
analyzed without delay for carbon dioxide 
and for calcium and phosphorus. The femur 
and tibia were dissected out and cleaned of 
all adhering tissue. The tibia was preserved 
in formalin and sectioned for histologic study 
of rickets and other conditions. The femur 
was dried overnight, weighed, and analyzed 
for calcium, phosphorus, carbonate, total 
base, and ammonia. 

The experimental rats were normal in 
appearance and behavior. Rats receiving the 
three diets supplemented with vitamin D 
and the high calcium-low phosphorus diet 
(B) grew almost as rapidly as comparable 
rats in the stock colony fed the breeding diet. 
The rats on the low calcium-low phosphorus 
ration and those on the low calcium-high 
phosphorus diet without vitamin D grew 
very slowly. In the absence of vitamin D, a 
mild rachitie condition was observed. 

The average calcium and_ phosphorus 
contents of the blood serum of the rats in the 
reference group killed at the beginning of the 
experiment were 11.1 and 10.3 mg. per cent, 
respectively. The average calcium content of 
the serums of the experimental rats fed diet 
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B slightly exceeded that of the reference 
group, but in other groups, the calcium 
content was lower than for the reference rats. 
Addition of vitamin D to all three rations 
resulted in moderate increases in the calcium 
concentration of the serums. The phosphorus 
concentration of the serums of rats fed diets 
A and C was slightly lower than for the 
reference group, but was not altered by vita- 
min D. The phosphorus level for the rats fed 
diet B without vitamin D was 4.2 mg. per 
cent and with vitamin D was 6.8 mg. per 
cent. 

For each of the three diets, the weights of 
the femurs in all groups were considerably 
greater than at the beginning of the experi- 
mental period. In all cases, the femurs 
weighed more when vitamin D had been fed 
during the test period. The femurs of the rats 
fed diet B were appreciably larger than for 
rats fed diets A and C. 

On a percentage basis of dry fat-free bone, 
the concentration of carbonate and calcium 
in the femurs of rats fed diet B was statisti- 
cally greater than in the femurs of rats fed 
diets A and C. The action of vitamin D was 
manifest by significant increases in carbonate 
and calcium in the bones of rats fed ration B 
and slight increases in the calcium content of 
the bones of rats fed rations A and C. 

The highest carbonate:calcium ratios 
were found in the bones of the rats fed diet B 
both with and without vitamin D. The 
differences between the rats in this group and 
those in groups A and C were significant. The 
trend in the calculated phosphate:calcium 
ratios was in the opposite direction. Though 
the absolute phosphate content in the femurs 
Was greater in the rats of group B (high 
calcium-low phosphorus) than in the rats of 
groups A and C, the amount of calcium tied 
up as the carbonate was still higher and thus 
caused a lower phosphate:calcium ratio in 
the rats fed diet B than in those fed rations 
A and C. 

The serum carbon dioxide: phosphorus 
ratio was highest in the rats fed diet B in 
which the carbonate:calcium ratio in bone 
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was also highest. Under the influence of 
vitamin D, the serum carbon dioxide: phos- 
phorus ratio dropped in all cases, and 
concurrently a decrease in the bone car- 
bonate:calcium ratio. In all groups except 
group C without vitamin D, the ratio of 
bone carbonate:calcium appeared to follow 
the serum carbon dioxide: phosphorus ratio 
fairly closely. 

Calculations of the composition of bone in 
terms of the empirical formula needed to 
satisfy the analytical data were interesting 
demonstrations of how extensively these 
differences in carbonate, calcium, and phos- 
phorus affected the empirical formula of the 
bone salts. The theoretical value for the 
ratio of residual total base (millimoles of 
calcium minus millimoles of carbonate) in 
bone to phosphorus concentration in the 
general formula CaCO;-n[Ca3(PO,)o| is 1.50. 
The residual total base to phosphorus ratio 
in the rats in the reference group and the six 
experimental groups was in excess of this 
value in six of the seven groups and was as 
low as 1.36 in the high phosphorus-low cal- 
cium group (C) without vitamin D. This 
deviation from the theoretical value necessi- 
tated the formula 2[Ca(HPO,)]-1.6[Ca; 
(PO,)2]-CaCO; to satisfy the analytical data 
obtained. In contrast, in group B where this 
ratio was 1.58, there was a possibility that a 
compound of the Ca(OH). type had been 
incorporated into the basic structure during 
development. 

Calculations of the value for n in the 
general formula were made by three different 
procedures with reasonably good correlation. 
As an example of the extent of variation in 
this value depending on the dietary influence 
during bone development, n varied from 1.88 
for the high calcium-low phosphorus group 
without vitamin D to 3.34 for the reference 
group as determined by the ratio 1:3 
residual calcium to carbonate. 

A. Hirschman, A. E. Sobel, B. Kramer, 
and I. Fankuchen (J. Biol. Chem. 171, 285 
(1947)) conducted a series of x-ray diffrac- 
tion investigations to seek physical evidence 
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of the presence of calcium dibasic phosphate 
in bones with a high phosphate content. 
Femurs of normal rats and of rats fed a low 
calcium-high phosphate diet (C) without 
vitamin D were dried, ground, and ashed at 
either 600°C. or 900°C. for several hours. 
Powder diffraction patterns were made of the 
ash. The pattern of the high phosphate bones 
ashed at 900°C. was completely different 
from that of normal bones. The former had a 
predominant pattern of beta-tricalcium 
phosphate with a weak pattern of apatite, 
while the latter had only a predominant 
pattern of apatite. At 600°C., the ash of 
normal and high phosphate bones had a pre- 
dominant pattern of apatite and in addition, 
the latter had a weak pattern of beta- 
tricalcium phosphate. 

Parallel studies with inorganic salts indi- 
cated that mixtures containing the approxi- 
mate amount of calcium dibasic phosphate 
believed present in the high phosphate bones 
reacted similarly in ashing procedures with 
the production of diffraction patterns for 
beta-tricalcium phosphate. These data were 
believed to be strong evidence for the con- 
clusion that calcium dibasic phosphate was 
present in high phosphate bones either 
adsorbed on the surface of the apatite 
crystallites or as an integral part of the 
lattice but not as an individual crystalline 
entity. 

A. E. Sobel and A. Hanok (./. Biol. Chem. 
176, 1103 (1948)) continued the studies on 
the effect of dietary and blood composition 
by investigating the inorganic phase of teeth 
which were developing during periods of 
dietary imbalance of calcium and _ phos- 
phorus. A definite relation was observed 
between the calcium and phosphorus concen- 
trations in blood serum and the composition 
of the upper incisor of the white rat. In the 
general formula for the inorganic phase, n 
was found to range from 2.08 to 7.72 for 
enamel and from 4.40 to 9.31 for dentin in 
the experimental groups which were identical 
in preparation with those in the previously 
described studies on the composition of bone. 
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The variation in n was far greater than was 
observed in bone developed under com- 
parable conditions. 

Similar to bone developed on the high 
calcium-low phosphorus diet, the enamel and 
dentin of the incisor teeth of these rats had a 
higher carbonate content and a lower phos- 
phate to carbonate ratio than the incisors of 
rais fed the low ealcium-high phosphorus or 
the low calcium-low phosphorus diets. 

The calcium: phosphate ratio of enamel 
was always significantly higher than the 
same ratio for dentin. This would imply 
that, if we assume the apatite formula, in 
addition to carbonate there must be some 
radical in the enamel such as citrate and 
fluoride, and that in the dentin there must 
be some additional phosphate probably as 
calcium dibasic phosphate. 

A. E. Sobel, A. Hanok, H. A. Kirshner, 
and I. Fankuchen (J. Dental Research 28, 61 
(1949)) compared certain properties of 
human and rat teeth. The material used con- 
sisted of caries-free human molars extracted 
in the course of dental practice, and incisor 
teeth of young albino rats raised on a stock 
colony breeding ration. The enamel and 
dentin were separated; a portion of each was 
taken for calcium, phosphorus, and car- 
bonate analyses; another portion was shaken 
with a saturated sodium fluoride solution for 
sixteen hours, while a third portion was 
shaken with distilled water under the same 
conditions. The residues after this treatment 
were analyzed for the same components as 
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the untreated samples. Portions of all 
fractions were studied by x-ray diffraction. 

Most of the changes in composition oc- 
curred as a decrease in the phosphate content 
for human and rat enamel and dentin and 
were more pronounced under sodium fluoride 
treatment than with water. The enamel and 
dentin of human and rat teeth varied widely 
in composition but regardless of this vari- 
ation gave apatite diffraction patterns. The 
calcium: phosphate ratios of human enamel 
were found to be higher, lower, or equal to 
those of human dentin, whereas this ratio 
for rat enamel was always higher than for 
rat dentin. 

These data represent a considerable con- 
tribution to our knowledge of the compo- 
sition of the inorganic phase of bone and 
teeth and the extent of the variations which 
occur under dietary and blood influences. 
The wide variations in composition which 
were produced suggest the need for consider- 
able further investigation to determine the 
ability of the hard structures of the body to 
maintain themselves in health and disease 
when formed under circumstances which 
cause wide variation in composition. This is 
particularly true in the case of the teeth and 
their susceptibility or resistance to tooth 
decay. Heretofore all analyses have indi- 
cated negative results of any correlation 
between chemical composition and suscepti- 
bility to dental caries, even in the case of 
fluorine (Nutrition Reviews 6, 332 (1948)). 


NUTRITION SURVEYS IN VIENNA 


Vienna has suffered repeatedly from food 
deficiency. This was particularly true at the 
end of World War I and again after World 
War II. Two surveys which were made after 
World War II have been referred to (Nutri- 
tion Reviews 4, 161 (1946);6, 123 (1948)). 

Studies have since appeared which provide 
additional information and bring the prob- 
lem more nearly up-to-date. An extensive 


study by H. 8. Collins was conducted in 
1946, under the auspices of UNRRA, and is 
still available only in mimeographed form, 
although certain aspects have been reported 
(Brit. J. Nutrition, 2,282 (1949)). By means 
of perseverance, and with the cooperation of 
the many agencies concerned, Collins sur- 
veyed more than 10,000 people in the city of 
Vienna during the summer of 1946. Great 
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care was taken that the size and distribution 
of the individuals examined represented a 
statistically accurate sample of the whole. 
Postcards were sent to those invited, and 
follow-ups, both by repeated postcards and 
by house examinations, were carried out. By 
these means, 74 per cent of the individuals 
chosen were actually examined, and sufficient 
information on the remaining 26 per cent was 
obtained to rule out disabling nutritional 
conditions as a cause for failure to appear. 

Complete height and weight data were 
obtained and the signs suggestive of defi- 
ciencies of protein and of the vitamins were 
listed. Although reduction from standard 
weight was observed in many of the cate- 
gories, in general, Collins concluded that 
undernutrition of moderate degree only was 
found in the population. The most severe 
signs of undernutrition were noted in the pre- 
adolescent ages and in individuals over 60. 
Malnutrition (i.e., scurvy, pellagra, and 
hunger edema) was observed only to a minor 
extent, in fact no more than in any average 
large city. 

Dietary histories, covering the kind and 
amount of food consumed over the preceding 
twenty-four hours, were obtained by direct 
questioning from 1822 individuals. To the 
author’s surprise, the twenty-four hour esti- 
mated food intake fell below that of the 
rations actually distributed at the time, by 
nearly 175 calories. Furthermore, there 
appeared to be a marked discrepancy 
between the state of health of the people 
and the quantity of food listed as available. 
The dietary survey not only listed less food 
available than the ration showed, but there 
was a discrepancy between health and the 
ration issued. The author thought that the 
individuals being questioned, either con- 
sciously or unconsciously, admitted to a 
dietary intake considerably below that 
actually consumed. Careful supervision was 
made of the taking of dietary histories which 
was done by Austrian civilians trained in 
this practice. The author concluded that at 
least in times of acute food shortage the 
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twenty-four hour dietary histories could not 
be used as a reliable estimate of the actual 
food intake. 

Additional nutritional studies by Viennese 
physicians have appeared. In a study of 300 
children, one half of whom were from the city 
and the remainder from nearby areas in the 
country, W. Auerswald and H. Bornschein 
(Wien. klin. Wcehnschr. 59, 854 (1947)), 
found that the city children fared worse than 
their neighbors from the country. Thus, 
although the majority of those studied in 
both groups were underweight, the city 
children had low serum proteins and dimin- 
ished erythrocyte counts and hemoglobin 
concentrations, while in the children from 
the country these findings were normal. It 
appeared to the authors that there was a 
quantitative caloric undernutrition in both 
groups, but that the city children in addition 
suffered from a qualitative undernutrition of 
protective foods. The intellectual and the 
mental weariness of the city children was an 
outstanding finding but was observed little, 
if at all, in those from the country. 

In another paper, W. Auerswald and H. 
Bornschein (Wien. klin. Wehnschr. 59, 588 
(1947)) report an investigation of body 
weight, serum protein concentration, eryth- 
rocyte count, and hemoglobin concentration 
in 450 healthy persons. The individuals were 
divided into three groups of 150 each. In the 
first there were children from 9 to 14 years of 
age; in the second, individuals from 20 to 30 
vears of age; and in the third, persons in the 
age group from 60 to 80. Alterations from 
the normal were most severe in the old 
people, least severe in the middle-aged group, 
while the children fell somewhere between the 
two. Generally speaking, the four kinds of 
data obtained agreed fairly well in each 
group. The actual reductions in serum pro- 
tein and in erythrocyte and hemoglobin con- 
centration were not very great in any of the 
groups, however, although the authors note 
that a few individuals with hunger edema 
were observed. In these instances the serum 
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proteins were between 5.0 and 6.5 g. per 
100 ml. 

F. Puntingam (Wien. klin. Wehnschr. 59, 
585 (1947)) reported a nutritional investi- 
gation of 819 hard workers and 333 employed 
women. All were free from chronic diseases, 
particularly tuberculosis. Marked under- 
weight was observed, which was much more 
marked in the men than in the women. In 
many instances there was a distinct re- 
duction of blood pressure. For example, a 
systolic pressure of 95 and diastolic pressure 
of 80 were not unusual findings in grown men 
between the ages of 20 and 40 years. The 
author thought that this might account for 
the easy fatigability and the feeling of 
weariness and diminished efficiency of which 
many of these people complained. Although 
there were some discrepancies, the figures 
obtained by the author were found to com- 
pare fairly closely with those of Collins (oc. 
cit.) The author assumed that these observa- 
tions established that the allowance of food 
at that time, 1946, was poor in all respects. 

Commenting on chronic undernutrition 
from the standpoint of the internist, E. 
Lauda (Wien. klin. Wehnschr. 89, 561 
(1947)), observed that following the severe 
undernutrition which occurred in Vienna 
during 1944-45, hunger edema put in its 
appearance. Because of the abrupt drop in 
food consumption at this time, hunger was 
very severe. Somewhat later, when more food 
was provided, although not, the author 
states, enough to fulfill minimum require- 
ments, hunger edema, actual hunger, and 
related symptoms disappeared. Loss of 
weight slowed down or stopped, but there 
was a failure to regain normal weight. In- 
stead of hunger, weakness and intellectual 
fatigue became evident. Bradycardia and low 
erythrocyte counts were frequently found. 
All bodily activities seemed to be reduced, 
including a slightly lowered basal metabolic 
rate. Evidences of vitamin deficiencies were 
extremely uncommon. 

The relation between immunity and re- 
sistance to infectious diseases to the food 
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shortage was discussed by K. Kundratitz 
(Wien. klin. Wehnschr. 59, 580 (1947)). 
Again the report concerns chiefly the year 
1945 when the food shortage was at its 
worst. The author observed that although 
the incidence of diphtheria and of scarlet 
fever could not be related directly to the 
shortage of food, the mortality rate could. 
Thus the mortality rate for diphtheria in 
1945 was over twice that observed in 1944 
and 1946. The mortality rate for scarlet 
fever in 1945 was 3 per cent while in 1944 it 
was 1} per cent, and 1 per cent in 1946. 

There was also a considerable increase in 
the incidence of tuberculosis in 1945. The 
author related these and similar changes in 
incidence and mortality rate of disease in 
Vienna during this year to a specific reduc- 
tion in the serum protein concentration. 
There is little doubt but that such reduction 
did exist in many individuals in Vienna. Un- 
fortunately, data are completely lacking 
which definitely relate the serum protein 
concentration to the incidence of the disease 
or to concentration of antibody or to anti- 
body response. 

Pigmentation of the skin, occurring be- 
tween the years 1945 and 1947 in Vienna, 
was observed by L. Arzt (Wien. klin. 
Wcehnschr. 69, 569 (1947)). The pigmentation 
was brownish and appeared chiefly on ex- 
posed surfaces. Eighty cases were observed 
and were thought to be due to chronic under- 
nutrition. The pigmentation apparently did 
not resemble that characteristically seen in 
pellagra. 

The somewhat divergent results of these 
various surveys indicate the difficulty of 
obtaining data concerning the nutritional 
status of a population. Selection of a satis- 
factory sample of the population is difficult 
enough, even in a fully regimented state, 
because of absences from illness, ete. As 
stressed by Collins, twenty-four hour dietary 
histories, although carefully taken, may be 
grossly inaccurate when there is a shortage 


of food. 
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GLUTAMIC ACID AND BLOOD SUGAR 


The amino acid, l-glutamic acid, has been 
demonstrated to be of importance in brain 
metabolism. This substance is oxidized by 
brain tissue in the absence of glucose in vitro 
and has been reported to have an effect on 
cerebral function in man (Nutrition Reviews 
6, 342 (1948)). Conditions particularly suit- 
able for further investigation of the role of 
glutamic acid in cerebral metabolism are pro- 
vided in hypoglycemia. Glucose available 
for oxidation in tissues is decreased and there 
are striking evidences of cerebral dysfunc- 
tion. 

W. Mayer-Gross and J. W. Walker 
(Biochem. J. 44, 92 (1949)) have investi- 
gated the effects of relatively large quantities 
of l-glutamic acid administered to patients 
undergoing treatment for schizophrenia by 
coma induced by injections of insulin. A 
solution containing 20 g. of |-glutamic acid 
and adjusted to a pH of 7.2 by the addition 
of sodium hydroxide was injected intra- 
venously into 31 patients in coma following 
insulin injections. Each patient was carefully 
observed for signs of returning conscious- 
ness. 

The ability to respond to verbal requests 
and to give rational replies to simple ques- 
tions was taken as evidence of the end of 
coma. Of forty-five such experiments, the 
authors report that in twenty-six instances 
the subjects regained consciousness as deter- 
mined by these criteria within a period of 
fifteen minutes following intravenous injec- 
tion of l-glutamiec acid. In the remaining 
cases coma persisted. However, in many of 
these there were important evidences of 
lessening in the depth of coma. 

The concentration of glucose in blood of 
the patients was determined prior to injec- 
tion of the amino acid and at intervals of 
three minutes thereafter. In coma, levels of 
blood glucose varied from 7 to 12 mg. per 100 
ml., with a mean of 10 mg. per 100 ml. With- 
out exception an increase in concentration of 
glucose in the blood followed injection of 


glutamic acid. The mean concentration 
reached was only slightly higher in the 26 
patients in whom coma was successfully 
terminated than in the group of 19 who did 
not regain consciousness. The mean for the 
first group was 25 mg. per 100 ml. and 22 
mg. per 100 ml. in the latter. The intravenous 
injection of a solution providing an equiva- 
lent quantity of sodium chloride had no 
demonstrable effect on coma nor on blood 
glucose levels. 

In other observations intravenous injection 
of similar quantities of two other amino 
acids, glycine and para-aminobenzoic acid, 
produced an effect comparable to that of 
l-glutamic acid as determined by termina- 
tion of coma and an increase in levels of 
blood glucose. 

Since injection of these amino acids was 
followed consistently by an increase in con- 
centration of glucose in blood, evaluation 
was made of this change as the means by 
which return of consciousness was effected. 
Blood glucose determinations were made at 
intervals following intragastric administra- 
tion of sucrose and intravenous administra- 
tion of glucose to effect termination of coma. 
Under these circumstances, concentrations 
of glucose at the time of return to conscious- 
ness were uniformly higher. The mean value 
was 42 mg. per 100 ml. as compared with a 
mean concentration of only 24 mg. glucose 
per 100 ml. in experiments in which amino 
acids had been administered. The difference 
is highly significant. It was apparent that the 
rise in blood sugar following injections of 
amino acids was insufficient, in itself, to 
account for the return of consciousness. 

A possible source of the glucose responsible 
for the rise in blood glucose is that syn- 
thesized from the amino acids. Such a process 
would require prior deamination and a rise 
in concentration of urea in blood would be 
anticipated. However, it was impossible to 
demonstrate an increase in blood urea asso- 
ciated with the increase in blood glucose and 
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the termination of the coma of hypoglycemia 
in patients given l-glutamic acid _intra- 
venously. 

When I-glutamic acid was administered to 
subjects in the fasting state but not in hypo- 
glycemia, there was no increase in levels of 
blood glucose. The amino acid invariably 
produced vomiting in these subjects, whereas 
this side effect occurred infrequently in 
states of hypoglycemia. 

The correlation of these observations with 
others previously described, and their inter- 
pretation is of interest. J. H. Quastel and 
A. H. M. Wheatley (Biochem. J. 26, 725 
(1932)) observed that brain tissue in vitro oxi- 
dized |-glutamic acid, when glucose was ab- 
sent. The effect on the coma of hypoglycemia 
might at first thought seem to be an in vivo 
application of this finding. However, glu- 
tamiec acid is the only amino acid metabo- 
lized by slices of brain tissue (H. Weil- 
Malherbe, bid. 30, 665 (1936)), while in the 
human experiments of Mayer-Gross and 
Walker (loc. cit.), glycine and para-amino- 
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benzoic acid had an effect wholly comparable 


_ with that of glutamic acid. 


F. Nord (Acta med. Scandinav. 65, 1 
(1926)) described a sympathomimetic action 
of glutamic acid and of glycine administered 
intravenously to rabbits. Such an effect 
might conceivably account for the rise in 
blood glucose in the hypoglycemic patients, 
but the absence of an increase in blood 
glucose in normal patients and the failure of 
appearance of other clinical evidences of 
sympathetic stimulation makes this explana- 
tion seem unlikely. 

Mayer-Gross and Walker (loc. cit.) con- 
clude that the nature of the influence respon- 
sible for these observations following 
intravenous injection of amino acids in hypo- 
glycemia remains obscure. They propose 
that the presence of the amino acids may 
release fractions of protein molecules per- 
mitting more efficient utilization of glucose 
and termination of coma at a correspond- 
ingly lower level of blood glucose. 


METABOLIC EFFECTS OF PYRIDOXINE IN MAN 


Much has been learned of the metabolic 
and physiologic roles of pyridoxine in lower 
animals (Nutrition Reviews 5, 98 (1947)). 
Various claims have been made for the 
efficacy of this vitamin in a variety of clinical 
conditions, such as muscular weakness, 
epilepsy, acne, nausea and vomiting of preg- 
nancy, postradiation sickness, and angular 
fissures. Evaluation and interpretation of 
these several clinical claims as supporting 
evidence for the occurrence of pyridoxine 
deficiency in man are difficult and leave much 
to be desired. 

Commenting upon the attempt of W. W. 
Hawkins and J. Barsky (Science 108, 284 
(1948)) to produce pyridoxine deficiency in a 
human subject, it was concluded that 
“Despite the attempt described, the signs of 
pyridoxine deficiency in man are not yet 
known” (Nutrition Reviews 7, 93 (1949)). 


Since this latter review was written, two 
papers have appeared which describe chemi- 
cal effects of pyridoxine on metabolism in 
man. It is significant that both of these 
papers are concerned with evidence for an 
influence of pyridoxine on protein metabo- 
lism and that both lines of evidence illustrate 
extensions to the human being of principles 
uncovered by investigations on lower ani- 
mals, including the dog. 

The first of these reports is by W. J. 
McGanity, E. W. McHenry, H. B. Van 
Wyck, and G. L. Watt (J. Biol. Chem. 178, 
511 (1949)) and is concerned with the effect 
of pyridoxine on blood urea concentration of 
pregnant women who exhibited nausea and 
vomiting during the first trimester of preg- 
nancy and who were classified as cases of 
hyperemesis gravidarum. Earlier, in this 
same Toronto laboratory, it had been ob- 
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served that pyridoxine-depleted rats had a 
higher level of urea (and, also, of nonprotein 
nitrogen) than did control pyridoxine-in- 
jected animals. Further, it had been found 
that oral administration of casein hydroly- 
sate or of alanine resulted in a definite and 
sustained rise in blood urea and nonprotein 
nitrogen in pyridoxine deficient rats. The 
elevated urea levels persisted for at least 
fourteen hours after administration of the 
load test. 

These observations were in distinct con- 
trast to the control animals receiving pyri- 
doxine in which the load test administration 
was followed by a rise in urea level for six or 
seven hours with a subsequent return to 
fasting levels by twelve to fourteen hours 
(W. W. Hawkins, M. L. MacFarland, and 
E. W. McHenry, J. Biol. Chem. 166, 223 
(1946)). These same investigators reported 
an increased excretion of urea, ammonia, 
uric acid, and creatinine by the pyridoxine 
deficient dog, 

Following the lead from these studies on 
animals, McGanity et al. determined the 
blood urea concentration on a series of 
healthy, nonpregnant women who were 
maintained on a constant protein intake; on 
40 healthy pregnant primiparas; and on a 
group of 17 pregnant women exhibiting 
sufficient nausea and vomiting during the 
first trimester of pregnancy to be classified 
as examples of hyperemesis gravidarum. 
These latter individuals were hospitalized 
and had received supportive therapy con- 
sisting of intravenous 5 per cent glucose solu- 
tion and a diet supplying 60 g. of protein 
daily. All urea determinations were made on 
fasting blood by the method of R. M. 
Archibald (J. Biol. Chem. 157, 507 (1945)). 

The fasting blood urea values expressed in 
milligrams per cent were as follows: healthy 
nonpregnant women, 21.3 + 5.4; healthy 
pregnant women, 12.4 + 3.4; hyperemesis 
gravidarum, 10.3 + 3.1. Oral administration 
of 40 mg. of pyridoxine hydrochloride on 
each of three successive days did not alter 
the fasting urea levels of the healthy group 
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but was followed by an increase in blood urea 
level of the patients with hyperemesis to a 
mean of 15.5 + 2.7 mg. per cent. The differ- 
ences between fasting urea levels of pregnant 
and nonpregnant women have been well 
established. The slight differences observed 
here between the healthy and complicated 
pregnant groups before and after pyridoxine 
administration would not be impressive 
alone. These investigators, however, made a 
further study of a larger group of women 
during the first, second, and third trimesters 
of pregnancy and found that the mean fast- 
ing urea concentration of 50 healthy subjects 
during the first trimester of pregnancy was 
14.7 + 1.8 mg. per cent in contrast to the 
mean of 10.3 mg. per cent for the hyperemesis 
group during the same trimester. 

More convincing evidence of the effective- 
ness of pyridoxine was obtained in applying 
a load test of pi-alanine, 30 g. dissolved in 
300 ml. of unsweetened canned grapefruit 
juice administered orally. This was given two 
and one-half hours after a low protein meal 
and blood samples were taken every two 
hours during the ensuing twelve hours. 
Similar load tests were carried out on the 
patients with hyperemesis on admission, 
after seventy-two hours of supportive ther- 
apy, after seventy-two hours of supportive 
therapy plus 120 mg. of pyridoxine, as well 
as on normal nonpregnant and normal preg- 
nant women. The maximum urea value was 
reached at the sixth hour after alanine 
administration; and, as was the case with the 
rats, within twelve hours the blood level had 
returned to the previous initial level in the 
healthy pregnant or nonpregnant subjects. 

By contrast, the patients with hyperemesis 
on admission, as well as after supportive 
therapy alone for seventy-two hours, ex- 
hibited sustained increases in blood urea at 
the twelfth hour after receiving the load test. 
Two changes were noted in a group of 12 
patients with hyperemesis treated by sup- 
portive therapy plus 120 mg. of pyridoxine 
for seventy-two hours: (1) The mean initial 
blood urea level rose. (2) Within twelve hours 
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after a test dose of alanine the blood urea 
concentration had returned to its initial 
level. 

These workers suggest that their results 
may be interpreted as presumptive evidence 
of pyridoxine insufficiency in cases of nausea 
and vomiting of pregnancy. An alternative 
interpretation might well be that in hy- 
peremesis there occurs a metabolic derange- 
ment of which these observations comprise 
one manifestation. 

The second paper dealing with a metabolic 
effect of pyridoxine in man is a preliminary 
note by L. D. Greenberg, D. F. Bohr, 
H. MeGrath, and J. F. Rinehart (Arch. Bio- 
chem. 21, 237 (1949)) which presents evi- 
dence that a load test of tryptophan results 
in excretion of greatly increased amounts of 
xanthurenic acid in human subjects on a 
pyridoxine deficient diet. Two subjects con- 
sumed a basal diet of casein, sucrose, corn 
oil, salt mixture, and vitamins A, D, and 
known available synthetic vitamins except 
para-aminobenzoic acid, vitamin K, and 
alpha-tocopherol. For the first twenty-one 
days, this diet contained no pyridoxine. 
Vitamin Bs was then added for seven days at 
a level of 10 or 15 mg. per day. Xanthurenic 
acid was determined by a method based on 
the formation of a green color by a solution 
of xanthurenic acid in the presence of ferric 
chloride (E. C. Miller and C. A. Baumann, 
J. Biol. Chem. 157, 551 (1944)). 

Excretion of the metabolite was measured 
before and after 10 g. test doses of DL- 
tryptophan. Xanthurenie acid excretion 
before administration of tryptophan ranged 
from approximately 4.0 to 12.0 mg. per 
twenty-four hours and did not seem to be 
greatly altered by the pyridoxine deficiency. 
Administration of 10 g. of tryptophan to the 
subjects during a control period on a natural 
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diet was followed by excretion of 33 to 47 mg. 
of xanthurenic acid during the ensuing 
twenty-four hours. The response to the load 
test was not significantly altered after the 
first week on the diet. 

After fourteen days of pyridoxine depriva- 
tion, however, one subject exhibited a 
xanthurenic acid excretion of 429 mg. per 
twenty-four hours following the load test and 
after twenty-one days of pyridoxine depriva- 
tion responded with the excretion of 515 mg. 
of xanthurenic acid per twenty-four hours. 
Following another seven days on the diet, 
but supplemented with 15 mg. of pyridoxine 
per day, the load test of tryptophan was 
followed by an excretion of only 33 mg. of 
xanthurenic acid. Similar results were ob- 
tained in the other subject. 

These workers point out that their results 
demonstrate that man responds to pyri- 
doxine deprivation in a manner similar to 
that of the mouse (Miller and Baumann, loc. 
cit.), the rat, dog, and pig (Nutrition Reviews 
5, 98 (1947)), and the monkey (L. D. Green- 
berg and J. F. Rinehart, Federation Proceed- 
ings 7, 157 (1948)). 

The need for extending these two impor- 
tant observations on metabolic effects of 
pyridoxine in man is obvious. Additional 
studies must be made on subjects deprived of 
pyridoxine and correlations made of several 
biochemical measures including the ones dis- 
cussed here as well as the excretion of pyri- 
doxine and pyridoxine-metabolic products. 

In addition, as indicated by McGanity 
and co-workers, it is extremely important to 
search for these evidences of metabolic de- 
rangements in the several clinical conditions 
for which responses to pyridoxine adminis- 
tration have been claimed. We may be at the 
point of possessing tools for the study of 
some effects of pyridoxine in man. 


against toxic substances is well known. It is 
also well known that a low protein diet will 
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produce extensive liver and kidney damage 
under proper conditions. In both instances 
the methionine content of the protein is of 
prime importance in accounting for these 
effects. These and other facts have led to 
extensive trials of high protein-methionine 
therapy in conditions such as cirrhosis of the 
liver (Nutrition Reviews 4, 180 (1946); 6, 
298 (1948)) with results that are still some- 
what controversial. 

Since many of the complications of preg- 
nancy involve the liver and kidneys, and 
since the pregnant woman is known to have 
an increased need for protein, N. W. Phil- 
pott, M. Hendelman, and T. Primrose (Am. 
J. Obstet. Gynec. 57, 125 (1949)) tried 
methionine in four of the more serious com- 
plications of pregnancy—the toxemias of 
pregnancy, infectious hepatitis, postpartum 
shock associated with the hepatorenal syn- 
drome, and hemolytic disease of the new- 
born. 

The basal hospital diet was a neutral ash, 
low salt ration which provided 110 g. of pro- 
tein, 275 g. of carbohydrate, and 90 g. of fat. 
Neither the type of protein nor its methi- 
onine content is stated. The diet was supple- 
mented with 5 to 10 g. of methionine given 
daily in tomato juice or in the form of 
tablets. Occasionally as much as 20 g. of 
methionine were given intravenously daily 
as a 2 to 3 per cent solution in 5 per cent 
glucose. 

Seventeen patients with severe toxemia 
(8 preeclamptics, 6 eclamptics, and 3 severe 
cardiovascular-renal disease with superim- 
posed toxemia of pregnancy) were treated. 
Most of these patients showed hypopro- 
teinemia, edema, oliguria, or jaundice. One 
patient with severe cardiovascular-renal dis- 
ease died. The remaining 16 patients re- 
sponded favorably. 

The criteria used to classify a given case as 
a favorable result were not detailed in the 
report. However, the usual features of these 
diseases such as hypertension, albuminuria, 
edema, the maternal and fetal end result, 
and the general symptomatology were fol- 
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lowed. An interesting and promising feature 
of the methionine treatment was diuresis. In 
some instances it occurred a few hours after 
the first methionine was given, especially 
when it was given intravenously. In several 
instances diuresis occurred after ordinary 
forms of therapy had failed. There was also a 
concomitant diminution in edema. This 
effect is reminiscent of the disappearance of 
diuresis and edema reported in patients with 
cirrhosis of the liver treated by nutritional 
means, although this effect was usually 
delayed much longer. 

Three cases of infectious hepatitis occur- 
ring during pregnancy were treated with 10 
g. of methionine and 5 g. of choline daily. 
The course of the disease was not shortened, 
but all cases progressed favorably with no 
apparent residual damage. These were con- 
sidered to be beneficial results since pregnant 
women seem to develop residual cirrhosis 
more frequently than nonpregnant indi- 
viduals following an attack of this disease. 

Four cases of postpartum shock with the 
typical picture of the so-called hepatorenal 
syndrome, i.e., persistent systolic blood pres- 
sure under 100 with anuria and jaundice, 
were treated. The usual means of combating 
shock, including whole blood and plasma 
transfusions, were used. Ten grams of 
methionine in 500 ml. of 5 per cent glucose 
were given every twelve hours as needed. 
Repeated doses were given for several days. 
All 4 of these cases survived. 

A group of 45 expectant mothers showing 
Rh antibodies in their blood were used to 
study the effect of methionine on erythro- 
blastosis fetalis. It was not expected that the 
use of methionine would in any way alter the 
development of antibodies or prevent eryth- 
rocyte hemolysis in the newborn. It was 
hoped, however, that methionine might pre- 
vent severe liver damage in these babies, as 
frequently happens (R. J. Drummond and 
A. G. Watkins, Brit. Med. J. 1, 984 (1946); 
N. W. Philpott, J. P. A. Latour, and G. J. E. 
van Dorsser, Am. J. Obstet. Gynec. 52, 926 
(1946)). 
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Nineteen mothers agreed to take 5 g. of 
methionine daily, while 26 refused. The latter 
served as controls. These patients were classi- 
fied into five groups according to severity 
(T. Primrose, G. J. E. van Dorsser, and N. 
W. Philpott, Am. J. Obstet. Gynec. 64, 662 
(1947)). Groups 1 and 2 did well with or 
without methionine. In the more severe 
groups 3,4, and 5 there appeared to be a sig- 
nificant effect from the methionine. Nineteen 
control patients produced only one surviving 
baby while 12 patients receiving methionine 
produced 8 babies which survived. 

None of the patients showed evidence of 
toxic reactions to the methionine, except 
possibly one patient who received large 
quantities of plasma and methionine. This 
patient developed right-sided heart failure 
and pulmonary edema, but recovered with 
the use of ouabain and after a rather copious 
diuresis. 

One must regard this report as a tentative 
exploration of a new field. Firm conclusions 
cannot be drawn at this time. From the 
dietary and experimental aspects many 
questions remain unanswered. No informa- 
tion is given as to the previous dietary 
history of these women. The degree of 
acceptance of the hospital diet was not indi- 
cated. Consequently one could not calculate 
the methionine intake. The supplemental 
methionine was presumably a racemic mix- 
ture although this was not stated, The 
number of patients in each category was 
small and the controls were inadequate or 
nonexistent except perhaps in the group used 
to study erythroblastosis fetalis. 

Nevertheless, this report may be of value 
in stimulating a new therapeutic approach 


The carefully controlled study of 
J. Brozek, C. B. Chapman, and A. Keys 
(Nutrition Reviews 6, 293 (1948)) demon- 
strated in 36 normal young men that semi- 


HEART SIZE IN UNDERNOURISHED CHILDREN 





to diseases of great importance, for which our 
present systems of therapy are not entirely 
successful. It should be hoped that these in- 
vestigators will extend their observations 
under carefully controlled conditions and 
that others will undertake an evaluation of 
their ideas. Others have already recom- 
mended the use of methionine (E. W. Page 
in “Current Therapy” (Edited by H. F. 
Conn), p. 582, W. B. Saunders Co., Phila- 
delphia (1949))—2 g. orally twice a day along 
with oral vitamin B-complex, in cases of 
severe preeclampsia and eclampsia. This 
recommendation was not based on any evi- 
dence, but was suggested empirically as « 
safe and rational prophylactic measure. 

There is abundant evidence derived from 
animal experimentation that the amount 
and adequacy of dietary protein, especially 
its methionine content, are of paramount 
importance in protecting the functional and 
anatomic integrity of the liver and kidney. 
P. Gyorgy (Am. J. Clin. Path. 14, 67 (1944)) 
has commented on the many similarities 
between the pathology seen in nutritional 
hepatic and kidney damage and that seen in 
eclampsia and in the hepatorenal syndrome. 

K. Schwarz (Z. f. physiol. Chem. 283, 186 
(1948)) has produced a nutritional disease in 
rats which he calls “rat eclampsia” which 
offers many points of similarity to the human 
disease. This condition responds either to 
methionine or vitamin E. Obviously one 
‘annot always translate from animal experi- 
ments to the treatment of human disease, 
but certainly it does seem justifiable and 
necessary that such possibilities be given a 
thorough trial. 









starvation led to a roentgenographically 
observable decrease in heart size. This was 
accompanied by loss of body weight and a 
small fall in arterial pressure. The daily food 
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intake furnished 1600 calories and 49 g. of 
protein. The content of ‘“B vitamins,” in- 
cluding thiamine, was presumably adequate 
in the study. 

In contrast to this are the observations of 
T. Wegmann (Schweiz. med. Wchnschr. 78, 
295 (1948)) who observed a marked increase 
in the heart shadow size in a few children 
with undernutrition. The children with en- 
larged hearts were selected from a group 
of over 1000 ‘‘pretuberculous” French 
children who had suffered the ravages of war. 
X-ray examination showed a number with 
marked increase in the heart shadow, espe- 
cially of the right side. Severe loss of weight 
was noted in all these children, but they 
began to gain shortly after being brought to 
Switzerland where the study was under- 
taken. The majority also had notably swollen 
abdomens which gave a markedly abnormal 
posture and lordosis. Rapid heart rate and 
lability of the pulse were frequent observa- 
tions as were also changes in heart rhythm 
and easily visible pulsations of the heart. 
There was usually a severe loss of tone of 
the muscles. None of the cardinal signs of 
cardiac insufficiency was observed in these 
children, however. Children with lung dis- 
ease or with chronic diarrhea were not in- 
cluded in the investigation. 

A few patients were chosen for careful 
study. Examination of the heart size after 
the heart beat and with the respiratory 
cycle halfway between inspiration and ex- 
piration was done with careful x-ray technic, 
and showed enlargement in each case. 
Records were kept of age, weight, and height, 
as well as pulse, blood pressure, and the effect 
of standard exercise on the pulse rate. Elec- 
trocardiograms were also taken and were 
generally normal. 

Increase in the pulse pressure in these 
children did not appear to be present. Most 
of the blood pressures ranged close to 90 to 
95 systolic, and 70 diastolic. In several in- 
stances, tenderness of the calves, sometimes 
with abnormal responses of the reflexes of 
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the lower extremities, was observed. Over a 
period of approximately forty days, during 
which a good diet was furnished and gain in 
weight occurred, the heart size of these chil- 
dren decreased in all instances. In one child, 
for example, the decrease was from 110 to 
87 mm. over this period of time. 

It soon became apparent that thiamine 
deficiency would have to be considered 
seriously as a cause for the cardiac abnor- 
mality but, unfortunately, it was impossible 
for the authors to investigate thiamine excre- 
tion in the urine of these children. However, 
in another group of children, also suffering 
from malnutrition, who were brought from 
Poland to Switzerland, similar cardiac en- 
largement was found by x-ray. In 20 of these 
children who showed enlarged hearts, the 
urinary thiamine content was determined. 
Each was then given daily a tablet contain- 
ing 3 mg. of thiamine for fourteen days. 
Following this, three days were allowed with- 
out thiamine therapy and the same type of 
urine determination was made. 

As a control, similar studies were con- 
ducted on 10 other undernourished Polish 
children with normal heart size and no other 
abnormalities in the cardiovascular status. 
Thiamine was determined by the thiochrome 
method of R. Schuppli and O. Wiss (Schweiz. 
med. Wehnschr. 78, 1396 (1943)). Each 
determination was made three times and the 
average taken. During these studies all the 
children, both those with and without en- 
largement of the heart, were maintained on 
the same type of diet and under similar 
environmental conditions. 

The 2 children with the most striking en- 
largement of the heart had no demonstrable 
thiamine in their urine. In 2 other cases none 
was found, while in the remainder, low 
values were observed in comparison with the 
10 control children who had no enlargement 
of the heart. The highest value for the 
excretion of thiamine in the children with 
enlarged hearts was 430 micrograms per day, 
with the average around 100 micrograms per 
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day. In the children without enlarged hearts 
the lowest value was 130 micrograms per 
day, while most of them ranged around 900 
or 1000 micrograms. 

After administration of thiamine, the ex- 
cretion was markedly increased in the 
cuildren with the enlarged hearts so that 
their average excretion was somewhere be- 
tween 650 and 700 micrograms per day. This 
was still somewhat below that of the control 
children before thiamine administration. 
Moreover, in this latter group with normal 
hearts there seemed to be no significant rise 
in the thiamine excretion following its ad- 
ministration. 


Unfortunately, further cardiovascular 
measurements, such as venous pressure and 
circulation time, both important for the 
diagnosis of beriberi heart disease, were not 
made. Whether the children studied by 
Wegmann actually suffered from this condi- 
tion cannot be conclusively demonstrated 
from this study. Nevertheless the evidence 
is highly suggestive. More complete studies 
of nutritional status from other viewpoints 
and particularly of the dietary history prior 
to the study would add considerably to the 
investigation; nevertheless, cardiac enlarge- 
ment is not a common finding in chronic 
undernutrition. 


STUDIES OF MARGINAL NUTRITION IN INDIA 


Careful nutritional balance studies are not 
frequently found from countries where mar- 
ginal diets are the rule. Two such investiga- 
tions have been reported from India and are 
concerned with the relative biologic value 
of certain cereals and of soybean curds. 

The individuals studied were rice eaters, 
that is, their diet consisted chiefly of rice. 
For example, in one instance of a total 
dietary intake of 63 g. of protein per day, 
approximately 47 g. were derived from rice. 

In the first study, Kk. Mitra, 8S. K. Verma, 
and §. Ahmed (Indian J. Med. Res. 36, 261 
(1948)) investigated the biologic value of 
certain cereal mixtures added to these rice 
diets. Six normal subjects were each given 
seven test diets, each over a period of eight 
days. The test diets resembled the food 
which had been consumed at home before 
the study was begun and consisted of rice, 
wheat, small amounts of pulses, or dhal, 
potatoes, and vegetables, but were lacking 
in milk and “flesh foods.” The individuals 
worked as usual throughout the study. The 
endogenous nitrogen excretion was deter- 
mined while furnishing a control diet con- 
taining between 0.31 and 0.50 g. of nitrogen 


per day. On this diet the total nitrogen out- 
put varied between 2.1 and 3.1 g. per day. 
During the study, part of the wheat in 
some of the diets was replaced by other 
cereals. The nitrogen balance, which was 
carefully followed, was used as an indication 
of the biologic value of the proteins. In 
general, considerably better nitrogen reten- 
tion, i.e., biologic value, was attained when 
mixtures of cereals were used than when 
wheat alone formed the entire cereal content 
of the diet. It was thus decided that the more 
variable the cereal content of the diet, within 
limits, the better the biologic value thereof. 
In the second study, in which soybean 
curd was investigated by H. 8. R. Desika- 
char, S. 8S. De, and V. Subrahmanyan 
(Indian J. Med. Res. 36, 145 (1948)), the 
diet again was similar to that used at home 
by the rice eaters on whom the study was 
done. The diet furnished approximately 3300 
calories and 63 g. of protein per day. One 
pound of either cow’s milk curd or soybean 
milk curd was added, during an experimental 
period, to this diet. The control and experi- 
mental periods were from five to seven days’ 
duration, although only the last four days of 
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each experimental period were used for the 
collection of urine and feces. It was calcu- 
lated that the addition of the cow’s milk or 
soybean milk would furnish about 10 g. of 
additional protein to the diet. The results 
indicated that nitrogen retention was just 
as satisfactory when soybean milk was sub- 
stituted for cow’s curd. It was concluded that 
there was no significant difference in the 
utilization of these proteins nor did their 
addition to the diet alter the utilization of 
the mixed proteins in the basic diet. It must 
be said, however, that the test was not a 
strict one. In fact, it is doubtful whether the 
addition of 10 g. of even a highly deficient 
protein to the basic diet would alter nitrogen 
balance. 

Though the subjects were rated as healthy 
adults, a marked positive nitrogen balance 
of from 3 to 4 g. per day was observed in each 
of these subjects, whose age varied from 16 
to 21 years. In addition, an average weight 
gain of 2.7 pounds was observed. These 
evidences of anabolism by the subjects under 
study could not be clearly explained by the 
authors. Presumably, either the individuals 
were undernourished or they were still grow- 
ing. 

In addition to this study of soybean curd 
in man, the same authors studied soya milk 
protein in the formation of plasma proteins 
and hemoglobin in rats (Indian J. Med. Res. 
36, 139 (1948)). 

To study the rate of hemoglobin and red 
cell regeneration, 6 rats were given an intra- 
peritoneal injection of phenylhydrazine, pre- 
sumably to induce a hemolytic anemia. The 
rate of regeneration of blood as measured on 
the fourth and twelfth day was taken as a 
measure of the value for hematopoiesis of the 
protein included in the diet. The diets con- 
tained 71 per cent starch, 10 per cent cane 
sugar, 10 per cent coconut oil, 4 per cent salt 
mixture, and a preparation of yeast extract, 
vitamin A, and calciferol; iron, copper, and 


manganese were likewise included. The 
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source of protein, which was fed at a level of 
5 per cent, was either soybean milk or casein. 

There was a 36 per cent increase in hemo- 
globin concentration and a 45 per cent in- 
crease in red cel! count when the 5 per cent 
casein diet was fed, contrasted to 34 per cent 
increase in hemoglobin and 45 per cent in- 
crease in red count when soybean milk 
protein was used. The authors considered 
that the results indicated that the soybean 
milk protein was only slightly less efficient 
than casein for regeneration of hemoglobin 
and red cells. Unfortunately, the few ani- 
mals used do not warrant statistical evalua- 
tion of the results. Even if this were possible, 
it is somewhat doubtful that well fed animals 
in whom a hemolytic anemia had been 
produced would show differences in hemo- 
globin regeneration over such a short period 
of time unless the differences in protein 
content or quality of the diet were very 
great. 

In the second part of the study, the serum 
protein concentration of rats receiving soy 
milk protein as compared with casein was 
studied. Again two groups of 6 rats each 
were maintained on the diet which this time 
contained 10 per cent protein. At the end of 
the two month period, the albumin and 
globulin concentration of the serum was 
determined. The globulin concentration in 
both groups was identical, while that of the 
albumin in the casein group was slightly 
higher than that in the soybean milk pro- 
tein group (650 mg. of nitrogen per 100 ml. 
of serum as against 623 mg. of nitrogen per 
100 ml. this 
authors confess that the differences are very 
slight, but again conclude that the soy milk 
protein is about 90 per cent as efficient as 


of serum). In instance the 


cow’s milk protein in its nutritive value. 

In these studies, as well as those with 
hemoglobin regeneration, a larger number of 
animals would add strength to the conclu- 
sions. In addition, it is that 
regeneration of albumin concentration in 


probable 
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depleted rats would be a better test than that 
of maintenance of albumin concentration 


J. F. Rinehart and L. D. Greenberg (Am. 
J. Path. 25, 481 (1949)) have studied the 
relation of pyridoxine deficiency in the rhesus 
monkey to certain degenerative and prolifer- 
ative changes in the arteries. The diet used 
was a simplified one composed primarily of 
powdered sugar, casein, a salt mixture, and 
corn oil, supplemented with adequate 
amounts of the water soluble and fat soluble 
vitamins definitely shown to be required by 
the monkey, with the exception of pyri- 
doxine. 

Five monkeys were maintained on this 
deficient regimen for periods varying from 
five and a half to sixteen months. Control 
monkeys were fed 3.5 mg. of pyridoxine 
twice a week. The monkeys on the deficient 
diet continued to grow well for two or three 
weeks, after which time food consumption 
began to fall off and the animals lost weight. 
Decrease in food consumption, body weight, 
and diminished vigor continued gradually 
for five to six months. Then the monkeys 
began to look unkempt and were sluggish, 
unless disturbed, when they seemed to be 
hyperirritable. In some animals, there was 
an edema of the eyelids, and late in the 
experiment most of them developed some 
fissuring of the epithelium of the hands and 
feet. All developed a moderate leukopenia 
and anemia. The pyridoxine values of the 
blood decreased from a_pre-experimental 
level of 11 micrograms per 100 ml. of blood 
to levels varying from 1.5 to 4.0 micrograms 
per 100 ml. 

Sclerotic lesions developed in the arteries 
of all 5 monkeys subjected to pyridoxine de- 
ficiency. In the 2 animals examined after 
two and a half months on the pyridoxine 
deficient diet, the arterial changes were 


ARTERIOSCLEROTIC LESIONS IN PYRIDOXINE DEFICIENT MONKEYS 






over the two month period of time used in 
these studies. 


definite but not extensive. In one monkey, 
intimal fibrosis was observed in branches of 
arteries to the kidneys, pancreas, and serosa 
of the colon. The other monkey showed 
definite but minor pathologic changes in the 
arterial branches of the kidneys and 
pancreas. 

Similar lesions were observed in an animal 
fed the deficient diet for seven months. More 
widespread and advanced lesions were ob- 
served in the coronary arteries, renal arteries, 
pancreatic arteries, and elsewhere in the 2 
monkeys maintained on the pyridoxine defi- 
cient diet for thirteen and sixteen months. 
Small patchy plaques of fibrous tissue be- 
tween the endothelium and the internal 
elastic lamina of the arteries closely re- 
sembled the hum an lesions in arteriosclerosis. 
In some cases, there were minute blister-like 
lesions where the endothelium had separated 
from the underlying fibrous tissue. 

Little is known about the experimental 
production of arteriosclerosis in animals, 
especially in primates. In so far as the rhesus 
monkey is concerned, arteriosclerosis has not 
been observed to occur spontaneously (H. 
Fox, ‘‘Arteriosclerosis,” (Edited by E. V. 
Cowdry), p. 153, The Macmillan Co., New 
York (1933)) and the prolonged feeding of 
cholesterol has failed to produce significant 
lesions in the monkey (W. C. Hueper, Am. J. 
Path. 22, 1287 (1946)). 

Caution must be exercised in any attempt 
to correlate the causative relation and experi- 
mental observation, such as the above, 
with human disease manifestations. Con- 
siderable investigation is necessary before 
any knowledge will be obtained as to whether 
this observation has any relation whatever 
to the causation of human arteriosclerosis. 
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Letter to the Editor 
Dear Sir: 

I have read with much interest the review 
of our work on ‘“‘Vitamin K Tolerance Test” 
(Nutrition Reviews 7, 157 (1949)). The 
review is most comprehensive and adheres 
most faithfully to the facts presented in the 
original papers. However, one statement 
contained in the review should be recon- 
sidered, in light of work published more 
recently than that cited in the text. The 
statement is, “‘An excess of vitamin K will 
not lower an already normal prothrombin 
time (A. J. Quick, J. Biol. Chem. 133, 
leaviit (1940)).” 

P. N. Unger and I have published a paper 
entitled ‘“‘Hyperprothrombinemia Induced 
by Vitamin K in Human Subjects with 
Normal Liver Function” (Blood 3, 137 
(1948)). This work demonstrates clearly 
that the prothrombin time can be reduced 
below normal by large doses of vitamin K. 
The effect is transitory but definite. 

SHEPARD SuHapriro, M.D. 

45 East 85th Street 

New York 28, N. Y. 
Facts about Nutrition 

Beginning with the October 1, 1948 issue, 
the New York State Journal of Medicine added 
a new department entitled “Facts about 
Nutrition.”? The material is prepared under 
the editorial supervision of Dr. Norman 
S. Moore, Associate Editor of the Journal, 
and the articles are contributed by the 
School of Nutrition, Cornell University. 
The series will run for a year. 

It is hoped that these articles will con- 
dense for the practical use and information 
of the clinician what he should know of 
human caloric requirements and essential 
nutrient needs, the mechanisms of action of 
the required nutrients, dietary inventories, 
specific clinical examples of the mechanisms 
involved in oxidative and reductive proc- 
esses, and the essential nutrients that are in- 
volved in these processes. Various prob- 
lems such as those of immunity, metabolism, 


underweight, overweight, and the nutritional 
components of many diseases will be ex- 
plored with discussion of mechanisms and 
citation of practical examples. 


Pernicious Anemia and Vitamin B,, 


The effectiveness of vitamin By,> in induc- 
ing remission in pernicious anemia in re- 
lapse, first reported by R. West using the 
crystalline material developed by E. L. 
Rickes et al. at the Merck laboratories, was 
reviewed in this journal (Nutrition Reviews 


6, 245 (1948)). Confirmatory studies have 


appeared and will undoubtedly continue to 
appear from many laboratories as the sub- 
stance becomes more easily available. 

Meanwhile, a further report from West’s 
laboratory (R. West and E. H. Reisner, 
Am. J. Med. 6, 643 (1949)) includes 11 
patients with pernicious anemia, all of whom 
showed complete hematologic remission. 
Five patients with the neurologic lesions of 
combined system disease, so often associated 
with this kind of anemia, likewise showed 
marked improvement. This latter observa- 
tion confirms that of L. Berk, D. Denny- 
Brown, M. Finland, and W. B. Castle (New 
Engl. J. Med. 239, 328 (1948); Nutrition 
Reviews 6, 291 (1948)). 


Copper and Iron Metabolism in 
Wilson’s Disease 


The report of L. Uzman and D. Denny- 
Brown (Nutrition Reviews 7, 115 (1949)) 
that aminoaciduria was observed in patients 
with Wilson’s disease (hepatolenticular de- 
generation) might suggest that other meta- 
bolic abnormalities be searched for in this 
rare but interesting disease of the nervous 
system and of the liver. 

Using postmortem material, analyses were 
made by J. N. Cumings (Brain 71, 410 
(1948)) of the liver and brain of normal 
subjects, individuals with Wilson’s disease, 
and one case each of obstructive jaundice 
and multilobular cirrhosis. Analyses were 
made of the copper and iron content of 
these organs and were expressed as milli- 
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grams per 100 g. of dry weight. Although 
there were variations in the content of these 
metals in different parts of the brain and 
differences between the subjects, these 
were slight except for the copper content of 
the brain in Wilson’s disease, which was 
from five to ten times higher than that 
found in the other cases. 

The author notes that a similar observa- 
tion was made by A. J. Glazebrook (Edin- 
burgh Med. J. 62, 83 (1945)), and that a 
higher urinary excretion of copper was 
found in Wilson’s disease than in multiple 
sclerosis, Parkinson’s disease, and spinal 
cord tumors by B. M. Mandelbrote, M. W. 
Stanier, R. H. S. Thompson, and M. N. 
Thruston (Brain 71, 212 (1948)). These 
authors likewise observed that although 
there was an increased excretion of copper 
after administration of British anti-lewisite 
(BAL) in all these conditions, by far the 
greatest increase in excretion occurred in 
a patient with Wilson’s disease. 

These interesting observations of ab- 
normalities in such different substances as 
amino acids and copper should lead to some 
interesting studies, not only of this rare 
disease, but also of our knowledge of the 
metabolism of these substances. 


Panthenol in Chick Diets 


The observation that pantothenyl alcohol 
(panthenol), an analogue of pantothenic 
acid, possesses pantothenic acid-like activity 
in the human being and the rat (Nutrition 
Reviews 6, 272 (1948)) has been duplicated 
in the chick. 

J. L. Milligan and G. M. Briggs (Poultry 
Sct. 28, 202 (1949)) fed a purified panto- 
thenic acid-free diet containing glucose, 
casein, gelatin, soybean oil, methionine, 
salts, and fat and water soluble vitamins, to 
several groups of day-old New Hampshire 
chicks. The diet was supplemented with 
panthenol varying in amount from 0.2 to 20 
mg. per 100 g. of ration. The experiments 
continued for three weeks, with survivals, 
weight gains, deficiency symptoms, feed 
efficiency, and feathering being recorded. 
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The results indicated that a panthenol 
content of 1.0 to 1.25 mg. per 100 g. of diet 
supported satisfactory growth. The highest 
amounts were well tolerated. Feeding effi- 
ciency increased up to 1.75 mg. per 100 g., 
and survival was nearly 100 per cent in all 
but the control group. Dermatitis was 
severe, below 0.5 mg. per cent, but disap- 
peared at 0.85 mg. per cent and above. 
Feathering was poor at the lower levels, but 
reached an optimum at 1.0 mg. per cent. 
Comparison with calcium pantothenate re- 
vealed that panthenol was only about 60 per 
cent as effective on a molar basis as panto- 
thenic acid. Moreover, as was suggested for 
human beings (Nutrition Reviews, loc. cit.) 
the analogue appeared to be usable only after 
a period of adjustment; chicks receiving 
0.85, 1.0, and 1.5 mg. per cent, respectively, 
developed dermatitis which persisted for a 
short time only. 

In the human experiments described 
above, excretion of pantothenic acid after 
panthenol feeding was significantly higher 


than after feeding pantothenic acid, i.e., the 


analogue was apparently more readily 
utilizable. This anomaly was explained by 
assuming that the vitamin might be de- 
stroyed to a greater extent than the analogue 
before it was excreted. The suggestion was 
evidently offered to equate the two com- 
pounds, since an unnatural analogue would 
not be expected to be more active than the 
metabolite to which it was related, and 
especially since the alcohol had been shown 
to be oxidized to the acid in the body. 

In view of the present results with chicks 
the further possibility presents itself that 
panthenol may also be less effective than 
pantothenic acid in man, since a comparably 
reduced performance by the analogue might 
easily be masked by its more complete 
excretion due to reduced destruction in the 
body. In the absence of more direct measure- 
ments upon man, a more cautious approval 
of the panthenol results than has previously 
been given might be in order. 
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